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TRI-SUBSTITUTED IMIDAZOLES HAVING MULTIPLE THERAPEUTIC PROPERTIES 

This invention relates to a novel group of imidazole compounds* processes for 
the preparation thereof* the use thereof in treating cytokine mediated diseases and 
10 pharmaceutical compositions for use in such therapy. 

AnCfiROlTND OPTHETNVENTrON 

Interleukin*! (IL- 1) and Tumor Necrosis Factor (TNF) aie biological 
substances produced by a variety of cells, such as monocytes or macrophages. IL-1 has 

15 _ been demonstrated to mediate a varie^r of biological activities thought to be important 
in immunoregulation and other physiological conditions such as inflammation [See» 
e.g.. Dinarello el aL, Rev. Infect Disease, fi. 51 (1984)]. The myriad of known 
biological activities of IL-1 include the activation of T helper cells, induction of fever, - 
■ stimulation of prostaglandin or coUagenase production, neutrophil chemotaxis, 

20 induction of acute phase proteins and the suppression of plasma iron levels. 

Theie are many disease states in which excessive or unregulated IL-1 
production is implicated in exacerbating and/or causing the disease. These include 
rheumatoid arthritis, osteoarthritis, endotoxemia and/or toxic shock qmdrome, oth^ 
acute or chronic inflammatory disease states such as the inflammatory reaction induced 

25 by endotoxin or inflammatory bowel disease; tuberculosis, atherosclerosis, muscle 

degen^ation, cachexia, psoriatic arthritis, Reiter*s syndrome, rheumatoid arthritis, gout, 
traumatic arthritis, rubella arthritis, and acute synovitis. Recent evidence also links 
IL-1 activity to diabetes and pancreatic B cdls. 

nitinmlln, J nintcal TTTiTnminloPV. 5 287-297 a9iS\ reviews the ' 

30 biological activities which have been attributed to IL-1. It should be noted that some of 
these effects have been described by others as indirect effects of IL- 1. 

Excessive or unregulated ITIF production has been implicated in mediating or 
exacerbating a number of diseases including rheumatoid arthritis, rheumatoid 
spondylids, osteoarthritis, gouty arthritis and other arthritic conditions; sepsis, septic . 

35 shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, adult respiratory 
distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicosis, 
pulmonary sarcoisosis, bone resorption diseases, rcperf usion injury, graft vs. host 
reaction, allograft rejections, fever and myalgias due to infection, such as influenza, 
cachexia secondary to infection or malignancy, cachexia, secondary to acquired 
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immune deflciency syndrome (AE)S), AIDS, ARC (AIDS related complex), keloid 
formation, scar tissue f ormatioa, Crohn's disease, ulcerative colitis, or pyresis. 

AIDS results from the infection of T lymphocytes with Human 
Immunodeficiency Virus (HIV). At least three types or strains of HIV have been 
5 identified,i.e., HIV-1, HIV-2 and HIV-3. As a consequence of HIV infection, T-cell 
mediated immunity is impaired and infected individuals manifest severe opportunistic 
infections and/or unusual neoplasms. HIV entry into the T lymphocyte requires T 
lymphocyte activation. Other viruses, sudi as HIV-l* Hiy-2 infect T lymphocytes 
after T Cdl activation and such virus protein expression andifor replication is mediated 

10 or maintained by such T cell activatioiL, Once an activated T lymphocyte is infected 
with HIV, the T lymphocyte must continue to be maintained in an activated state to 
permit HIV gene expression and/or HIV replication. Monokines, specifically TNF» are 
implicated m activated T*cell mediated HIV protein expression and/or virus replication 
by playing a role in maintaining T lymphocyte activation. Therefore, interferrace with 

15 monokine activity such as by inhibition of monokine production, notably INF, in an 
HIV-infected individual aids in limiting the maintoumce of T cell activation, thereby" 
redudhg the progression of HIV infectivi^ to previously uninfected cells which results 
in a slowing or elimination of die progression of inamune dysfunction caused by HIV • 
. infection. Monocytes, macrophages, and related cells, such as kupff^ and glial cells, 

20 have also been implicated in maintenance of the HIV infection, lliese cells, like 
T-cells, are targets for viral replication and die level of viral replication is dependent 
upon the activation state of tiie cells. [See Roseriberg £l£l., ihe Immunopatiiogenesis 
of HIV Infection, Advances in Immunology, Vol. 57, (1989)]. Monokines, such as 
TNF, have been shown to activate HIV replication in monocytes and/or macrophages 

25 [See PoK, etal., Proc. NatL Acad. Sd., 87:782-784 (1990)], therefore, inhibition of 
monokine production or activi^ aids in limiting HTV progression as stated above for 
T-cells. 

TNF has also been implicated in various roles witii other viral infections, such 
as die cytomegalia virus (CMV), influenza virus, and tiie herpes virus for similar 
30 reasons as those noted. 

Interleukin-8 (IL-8) is a chemotactic factor first identified and characterized in 
1987. IL-8 is produced by several cell types including mononuclear cells, fibroblasts, 
endothelial cells, and keratinocytes. Its production from endothelial cells is induced by 
IL-1, TNF, or lipopolysachharide (LPS). Human IL-8 has been shown to act on 
35 Mouse, Guinea Pig, Rat, and Rabbit Neutrophils. Many different names have been 
applied to ILr8, such as neutrophil attractant/activation protein-1 (NAP-l), monocyte 
derived neuu-ophil chemotactic factor (MDNCF), neutrophil activating factor (NAF), 
and T-cell lymphocyte chemotactic factor. 
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IL-8 stimulates a number of functions in vitro. It has been shown to have 
chemoatmictant properties for neutrophils, T-lymphocyteSt and basophils. In addition 
- it induces histamine release from basophils from both normal and atopic individuals as 
well as lysozomal ^yme release and respiratory burst from neutrophils. IL*8 has also 
S been shown to increase the surface expression of Mac-1 (GDI lb/CD18) on neutrophils 
without de novo protein ^thesis» this may contribute to increased adhesion of the 
neutrophils to vascular endothelial cells. Many diseases ate characterized by massive 
neutrophil infiltration. Conditions associated with an inoeased in IL-8 production 
(which is responsible for chemotaxis of neutrophil into the inflammatory site) would 
10 benefit by compounds which are suppressive of IL-8 production. 

IL-1 and TNF affect a wide variety of cells and tissues and these cytokines as 
well as other leukocyte d^ved cytokines are important and critical inflammatory 
mediators of a wide variety of disease states and conditions. The inhibition of these 
cytokines is of benefit in controlling, reducing and alleviating many of these disease 
IS states. 

Tliere remains a need for treatment, in this field, for compounds which are 
cytokine suppressive anti-inflammatory drugs, i.e. compounds whidi are citable of 
inhibiting cytokines, such as IL-1, IL-6, IL-8 and TNE 

20 SUMMARY OF Jm ]ffA^g N T7 0N 

This invention relates to the novel compounds of Formula G) and 
phannaceutical compositions comprising a compound of Formula (I) and a 
pharmaceutically acceptable diluent or carrier. 

This invention also relates to a method of inhibiting cytokines and the treatment 
25 of a cytokine mediated disease, in a mammal in need thereof, which comprises 
administering to said mammal an effective amount of a compound of Formula (I). 

This invention more specifically relates to 'a mediod of inhibiting the production 
of IL-I in a mammal in need thereof which comprises administering to said mammal 
an effective amount of a compound of Formula (I). 
30 This invention more specifically relates to a method of inhibiting the production 

of IL-8 in a mammal in need thereof ^ch comprises administering to said mammal 
an effective amount of a compound of Formula (I). 

This invention more specifically relates to a method of inhibiting the production 
of TNF in a mammal in heed thereof which comprises administering to said mammal 
35 an effective amount of a compound of Formula (I). 

Accordingly, the present invention provides a compound of Formula (I): 
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R] is 4-pyiidyl, pyrimidinyl, quinolyl, isoquinolinyl, qumazolin-4-yI, 1-imidazolyl or 
l-beiudmidazolylt vMch heteroaiyl ring is optionally substituted with one or two 
substituents each of which is independenfly selected from C1.4 all^l, halogen, 
5 hydrojqrl. Cm alkoxy, Cm alkylthio, C1-4 alkylsulfinyl, CH2OR12, NR10R2O. 
or an N-heterocyclyl ring which ring has from 5 to 7 members and optionally 
contains an additional heteroatom selected from oxygen, sulfur or NRis; . 
R4 is phenyl, naphth-l-yl or naphth-2-yl, or a heteroaryl, which is optionally 

substituted by one or two substituents, each of which is independently selected, and 

10 which, for a 4-phenyl, 4-naphth-l-yI, 5-naphth-2-yl or 6-naphth-2-yl substitiuent, 
is halogen, cyano, nitro, -C^)NR7Ri7, -C(Z)0Ri6, -(CRioR20)mCORi2. -SR5, 
-SOR5, -OR12, halo-subsfituted-Ci-4 alkyl. Cm alkyl -ZC(Z)Ri2, 
-NRiOC(Z)Ri6, or -(CRioR20)mNRloR20 aad which, for other positions of 
substitution, is halo, cyano» -C(2:)NRi3Ri4> -C(Z)OR3, -(CRl0R20)mCOR3, 

15 -S(0)mR3» -0R3» halo-substituted-Ci^ alkyl, -C1.4 alkyl, 

-(CRioR20)mNRlOC(Z)R3, -NRioS(0)mR8. -NRl0S(O)m'NR7Rl7. -ZCC9R3 
or -(CRioR20)mNRl3Rl4; 
R2 is Cmo alkyl N3, -(CRioR20)n' OR9, heterocyclyl, hetexocycIylCi-io alkyl, 
Ci-ioalkyl, halo-substituted Ci-io alkyl, C2.10 alkenyl, C2-10 alkynyl, C3.7 

20 cycloalkyl, C3.7cycloalkyICi. 10 alkyl, C5.7cycIoalkenyl, 

C5.7cycIoalkenyl-Ci.io-alkyl, aiyl, aiylCno alkyl, heteroaryl, 
heteroaryl-Ci-io-alkyl, (CRioR20)nORll. (CRioR20)nS(0)inRl8» 
(CRi0R20)nNHS(O)2Rl8. (CRl0R20)nNRl3Rl4» (C3ll0R20)nNQ2. 
(CRioR20)nCN, (CRl0R20)n'SO2Rl8. (CRlbR20)nS(OWNRl3Rl4. 

25 (CRioR20)nC©Rll.(CRioR20)nOC(Z)Rii, (CRl0R20)nC(Z)ORii. 
(CRioR20)nC(Z)NRi3Rl4, (CRioR20)nC(Z)NRiiOR9, 
(CRioR20)nNRloC(Z)Rli, (CRi0R20)nNRl0C(Z)NRi3Ri4. 
(CRioR20)nN(OR6)C{Z)NRi3Rl4. (CRl0R20)nN(OR6)C(Z)Ri 1, 
(CRl0R20)nC(=NOR6)Rl 1, (CRloR20)nNRlOC(=NRi9)NRi3Ri4, 

30 (CRioR20)nOC(Z)NRi3Rl4 (CRloR20)nNRloC(Z)NRi3Ri4. 
(CRioR20)nNRloC(Z)ORio, 5-(Ri8>l A4^xadizaol-3-yl or 
4-(Ri2>5-<Ri8Ri9)-4.5-dihydro-l A4-oxadia2ol-3-yl; wherein the aiyl, aiylalkyl, 
heteroaryl, het^aryl dSkyh heterocyclic and heterocyclic alkyl groups may be 
optionally substituted; 

35 n is an integer having a value of 1 to 10; 
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n' is Ot or an integer having a value of 1 to 10;' 
m is 0, or the integer 1 or 2; 
Z is oxygen or sulfdr; 
m'islorl, 

5 R3 is heterpcyclyl, heterocyclylCi.io alkyl or Rg; 

R5 is hydrogen. Cm alkyl, C2-4 altenyl, C2-4 alkynyl or NR7R17, excluding the 

moeities -SR5 being -SNR7R17 and -SOR5 being -SOH; 
R6 is hydrogen, a pharmaceutically acceptable cation, Cj-io alkyl, €3,7 cycloalkyl, 
aryU arylC^ allgrl, heteroaryl, het^oaiylalkyl, heterocyclyl, aroyi, or Cl-io 
10 alkanoyi; 

R7 and Ri7 is each independently selected from hydrogen or Cm alkyl or R7 and R17 
together with the nitrogen to which they aie attached form a heterocyclic ring of 5 
to 7 members which ring optionally contains an additional heteroatom selected 
from oxygen, sulfur or NR15; ' 
IS Rg is Ci-io dlgrl, halo-substituted Ci-iO alkyl, C2-10 alkenyl, C2.IO alkynyl, C3.7 
cycloalkyU C5.7 cycloalkenyl, aiyl, aiylCi-io alkyl, heteroaryl, heteroaiylCMO 
alkyl, (CRioR20)nORii, (CRioR20)nS(0)mRl8. (CRl0R20)nNHS(O)2Rl8. 
(CRi()R20}nNRl3Rl4; wheiein the axyl, arylalkyl, heteroaryl. het^aiyl alkyl 
may be optionaUy substituted; 
20 R9 is hydrogen, -C(Z)Ri 1 or optionally substimted Ci.io alkyl, S(0)2Rl8» optionally 
substituted aiyl or optionally substituted aryl-CM alkyl; 

RlO and R20 is each independently selected from hydrogen or C1-4 alkyl; 

Rl 1 is hydrogen, Ci-iO alkyl, C3-7 cycloalkyl, heterocyclyl, heterocyclyl Ci- loalkyl, 
aiyl, aiylCi-io alkyl, heteroaryl or heteroaiylCi-io aOcyl; 
25 R12 is hydrogen or R16; 

Rl3 and R14 is each independently selected from hydrogen or optionally substituted 
Cm alkyl, optionally substituted aiyl or optionally substituted aryl-CM alkyU or 
together with the nitrogen which they are attached form a heterocyclic ring of 5 to 7 
members which ring optionally contains an additional heteroatom selected from 
30 oxygen, sulfur or NR9; 

Rl5 is RlO or C(Z)-Cm alkyl; 

RI6 is Cm aDgrl, halo-substituted-Ci-4 alkyl, or C3.7 cycloalkyl; 
RI8 is Ci-io alkyl, C3.7 cycloalkyl, heterocyclyl, aiyl, arylalkyl, heterocyclyl, 
heterocyclyl-Ci-ioalkyl, heteroaiyl or heteroaiylalkyl; 
35 Ri9 is hydrogen, cyano. Cm alkyl, C3.7 cycloalkyl or aiyl; 
or a pharmaceutically acceptable salt thereof. 
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DRT ATT .KD DESCRIPTTON OF THE INVENTION 

The novel compounds of Formula Q) may also be used in association ynth the 
veteiinaiy treatment of mammalSt other than humans, in need of inhibition of cytokine 
inhibition or production. In particular, cytokine mediated diseases for treatment. 
5 therapeutically or prophylactically, in animals include disease states such as those 
noted herein in the Methods of Treatment secdon, but in paidcular viral infections. 
Examples of such viruses include, but are not limited to, lentivirus infections such as, 
equine infecdous anaemia virus, cs^rine atthrids virus, visna viitis, or maedi virus or 
retrovirus infections, such as but not limited to feline immunodeficiency virus (FIV), 
10 bovine immunodeficiency virus, or canine imniunodefidency virus or other retroviral 
infections. 

In Fonnula (I), suitable Ri moiedes includes 4-pyridyI, 4-pyrimidinyl, 4- 
quiholyU 6-isoquinolinyl, 4-quinazolinyl, I-imidazolyl and l-braadmidazolyl, of vMdi 
the 4*pyridyl, 4-pyrimidinyl and 4-quinolyl are preferred. More preferred is an 

IS optionally substituted 4-pyrimidinyl and an optionally subsdmted 4-pyridyl, and most 
preferred is die an optiorudly substimted 4-pyrimidhiyl ring. 

Suitable subsdtuents for the Ri beteroaryl rings are Ci^ alkyl, halo, OH, Cm 
alkoxy. Cm alkyldiiio, Cl-4 alkylsulfmyl, CH20Ri2» NR10R2O. or an N-heterocyclyl- 
ring which ring has from 5 to 7 members and optionally contains an additional 

20 heteroatom selected from oxygen, sulfur or NRis. A preferred substituent for all Ri 
moieties is Ci-4 alkyl, in particular mediyl, and NRioR20> Preferably where Rio and 
R20 aie hydrogen or methyl, more preferably Rio and R20 nre hydrogen. A more 
preferred substituent is the NR10R20 rnoiety. Preferred ring placement of the Ri 
substituent for on the 4-pyridyl derivative is the 2-position, such as 2-mediyl-4-pyridyl. 

25 Preferred ring placra:ient on the 4-pyrimidinyl is also at the 2-posltion, such as 2- 
mediyl-pyrimidine or 2-amino pyrimidine. 

Suitably, R4 is phenyl, naphth-I-yl or naphth-2-yI, or a heteroaryl, which is 
optionally substituted by one or two subsdtuents. More^preferably R4 is a phenyl or 
napbtiiyl ring. Suitable substitutions for R4 when tiiis is a 4-phenyl, 4-naphdi- 1-yl, 5- 

30 naphdi-2-yl or 6-naphth-2-yl moiety are one or two substituents each of which are 
independentiy selected from halogen, -SR5, -SORs, -OR6, CF3, or 
-(CRl0R20)mNRlOR20* and for other positions of substimtion on these rings 
preferred substitution is halogen, *S(0)inR3» -OR3, CP3. -(CRi()R20)mNRl3l^l4, 
*NRioC(Z)R3 and *NRioS(0)niR3- Pttferred substituents for tiie 4-position in phenyl 

35 and naphtii-l-yl arid on the 5-position in naphth-2-yl include halogen, especially flnoro 
and chloro and -SR5 and -SOR5 wh^ein R5 is preferably a C1.2 alkyl more 
preferably melhyl; of which tiie fluoro and chloro is more preferred, and most 
especially preferred is fluoro. Preferred substituents for the 3-position in phenyl and 
naphdi*l-yl rings include: halogen, especially fludro and chloro; -OR3, especially Cm 
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alkoxy; CF3» NRioR20» such as amino; -NRioC(Z)R3. especiaUy -NHCO(Ci.io 
alkyl); -NRioS(0)niR8f especially -NHSQ2(Ci.iO alkyl), and -SR3 and -SOR3 
wherein R3 is preferably a Ci-2 alkyl, more preferably methyl. When the phenyl ring 
is disubstituted preferably it is two independent halogen moieties, such as fluoro and 
5 chloro, preferably di-chloro and more preferably in the 3,4-position. 

Preferably, the R4 moiety is an unsubstimted or substimted phenyl moiety. 
More preferably, R4 is phenyl or phenyl substituted at the 4-position with fluoro and/or 
substituted at the 3-posidon with fluoro, chloro. Cm alkoxy, methane-sulfonamido or 
acetamidOt or R4 is phenyl di-substituted at the 3,4-position with chloro or fluoro, more 

10 preferably chloro. Most preferably R4 is a 4-flaorophenyL 
In Formula (I), suitably Z is oxygen. 
. Suitably, R2 is Cmo alkyl N3, -(CRioRmV OR9, heterocydyl, 
heterocyclylCi-io alkyl, Ci-ioalkyl, halo-substituted Ci-io alfcjrl, C2-IO alkmyl, C2- 
10 alkynyl, C3.7 cycloalkyl, C3.7qrcloalkyICno allqrl, C5.7 cycloalkenyl, C5.7 

15 cycloalkenyl Ci-io alkyl, aryl, arylCi-iO alkyl, heteroaryl, heteroarylCi-io allgrl, 
(CRioR20)nORll, (CRioR20)nS(0)mRl8. (CRioR20)nNHS(0)2Rl8. 
(CRioR20)nNRl3Rl4. (CRloR20)nNQ2, (CRioR20)nCN, (CRioR20)n«02Rl8. 
(CRioR20)hS(0)m'NRl3Rl4» (CRl0R20)nC(Z)Rii, (CRioR20)nOC(Z)Rii, 
(CRlOR20)nC(Z)ORii, (CRioR20)nC(Z)NRi3Rl4» (CRl0R20)nC(Z)NRiiOR9. 

20 (CRioR20)nNRioC(Z)Rii,(CRioR20)nNRlOCC?)NRl3Rl4, 
(CRioR20)nN(OR6)C(Z)NRi3Rl4t (CRl6R20)nN(OR6)CGZ)Rll, 
(CRioR20)nC(«NOR6)Rn. (CRioR20)nNRlOC(=NRi9)NRi3Rl4. 
(CRl0R20)nOC(Z)NRi3Rl4. (CRl0R20)nNRl0C®NRi3Rl4. 
(CRioR20)nNRloCCZ)ORia 5-(Ri8>l»2,4-oxadizaol-3-yl or 

25 4-(Ri2)-5-(RigRi9)-4»5-dihydro-l,2,4-oxadiazol-3-yl;wherein the aryl, arylalkyl, 
heteroaiyL heteroarylalkyl, heterocyclic, and het^ocyclicaklyl moieties may be 
optionally substituted; wherein n is an integer having a value of 1 to 10, m is 0, or the 
integer 1 or2;n*is0,oranintegerhavingavalueof 1 to 10; and m' is 1 or 2. 
Preferably n is 1 to4. 

30 

Preferably R2 is an optionally substituted heterocydyl ring, and optionally 
substimted heterocycIylCi-io all^I, an optionally substituted Ci-io alkyl, an 
optionally substituted C3.7cycIoalli7l, an optionally substituted C3.7cycloalkyl Ci^io 
alkyl (CRioR20)nC(Z)ORii group, (CRioR20)nNRi3Rl4, 
35- (CRioR20)nNHS(0)2Rl8. (CRl0R20)nS(O)raRl8» an optionally substituted aryl; an 
optionally substituted arylCi-io alkyl, (CRioR20)nORi 1, (CRioR20)nC(23Rl l, or 
(CRioR20)nC(=NOR6)Rll group. 
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More preferably R2 is an optionally substituted heterocyclyl ring, and 
optionally substituted bet^ocycIylCi.io alkyl, optionally substituted aiyU 
(CRioR20)nNRl3Rl4 or (CRioR20)nC(Z)ORii group. 

When R2 is an optionally substituted het»x)cyclyl the ring is piefi^bly a 
S moipholinotpynrolidinylorapiperidinylgioap. When the ring is optionally 

substituted the substituents may be directly attached to the free nitrogen, such as in the 
piperidinyl group or pyiTole ring, or on the ring itselfl Preferably the ring is a 
piperidine or pyrrole, more preferably piperidine. Ihe heterocyclyl ring may be 
optionally substituted one to four times independently by halogen; Cm alkyl; aiyl, 

10 such as phenyl; aryl alkyl, such as. benzyl - wherein the aiyl or aiyl alkyl moieties . 
themselves may be optionally substitued (as in the definition section below); 
C(0)ORi 1. such as the C(0)Cm alkyl or C(0)OH moieities; C(0)H; C(0)Ci^ alkyl, 
hydroxy substituted C1.4 alkyl, Cm alkoxy, S(0)inCM ^H^i (wherein m is 0, 1, or 
2), NRioR20(wheremRiO and R20 are independently hydrogen or Ci-4alkyl). ' 

15 Preferably if tht ring is a piperidme, the ring is attached to the imidazole at the 

4-position, and the substiments are directly on the available nitrogen, Le. a l-FormyI-4- 
pipmdine, l-ben2yl-4-piperidine, l-methyl-4-piperidine, l-ethoxycarbonyl-4- 
piperidine. If the ting is substimted by an alkyl group and the ring is attached in the 4- - 
position, it is preferably substituted in the 2 or 6 position or both, such as 2,2,6,6- 

20 t&trametbyl-4-piperidine. Simiarly, if the ring is a pyrrole, die ring is attached to the 
imidazole at the 3-position, and the substiments are aldo direcdy on the available 
nitrogen. 

When R2 is an optionally substimted heterocyclyl Ci-io alkyl group, the ring is 
preferably a moiphoUno, pyirolidinyl, or a piperidinyl group. Preferably this adkyl 

25 moiety is from 1 to 4, more preferably 3 or 4, and most preferably 3, such as in a 
propyl group, deferred heterocyclic alkyl groups indude but are not limited to, 
morpholino ethyl, moipholino propyl, pyrroUidmyl propyl, and piperidinyl propyl 
moieties. Ihe heterocyclic ring herein is also optionally substiuted in a sunilar manner 
to that indicated above for the du^t attachement of the heterocycyl. 

30 When R2 is an optionally substituted C3.7cycloalkyl, or an optionally 

substimted C3.7cycloaIkyl Ci-io alkyl, the cycloall^yl group is preferably a C5 to C6 
ring which ring may be optionally substimted 1 or more times ind^ndtly by halogen, 
such as fluorine, chlorine, bromine or iodine; hydroxy; Ci-io alkoxy, such as methoxy 
or ethoxy; S(0)m alkyl, wherein m is 0, 1, or 2, such as methyl thio, methylsulfinyl or 

35 methyl sulfonyl; amino, mono & di-substituted ammo, sudi as in the NR7R17 group; 
or where iht R7R17 may cyclize together with the nitrogen to which they are attadied 
to form a 5 to 7 membeied ting which optionally includes an additional heteroatom 
selected from 0/N/S; Ci-io all^l, such as methyl, ethyl, propyl, isopropyl, or t-butyl; 
halosubstitued alkyl, such as CF3; hydroxy substimted Ci.ioalkyl; C(0)ORii, such as 
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the free acid or methyl ester derivative; an optionally substituted aiyl» such as phenyl; 
an optionally substituted arylalkyi, such as benzyl of phenethyl; and further where 
these aiyl moieties may also be substituted one to two times by halogen; hydroxy; C]. 
10 alkoxy; S(0)ni alkyl; amino, mono & di*substituted aminOt such as in the NR7R17 
5 • group; alkyl or halosubstitued alkyl. 

When R2 is (CRioR20)nNRi3Rl4t Rl3 and R14 are as defmed in Formula 
0), itidt is Ri3 and R14 are each independently selected from hydrogen, optionally 
substituted Cm alkyl. optionally substituted aiyl or an optionally substituted aiyl-CM 
alkyl, or together with the nitrogen which they are attached form a heterocyclic ring of 

10 5 to 7 members which ring optionally contains an additional beteroatom sdected from 
oxygen, sulfur or NR9. It is recognized that in some instances this can yield the same 
moiety as a heterocyclic Ci-iQ alkyl moiety noted above which is also a suitable R2 
variable. Preferably R13 and R14 are independently hydrogen. Cm alkyl, preferably 
methyl, or benzyl The n term is preferably 1 to 4, more preferably 3 or 4, and most 

15 preferably 3, such as in a propyl group. Preferred groups include, but are not limited 
to, arainopropyl, (N-methyl-N-benzyl)aminopropyl, (N-Phenylmethyl)amino-l-propyl, 
or diethylamino propyl 

When R2 is a (CRioR20)nC(Z)ORi 1 group, Rll is suitably hydrogen, Cl-4 • 
. alkyl, especially methyl nientennispreferablyl to 4» more preferably 2 or 3, such 

20 as in an ethyl or propyl group. Preferred groups include, but are not limited to, . 
caiboxymethyM-buQrl, carboxy-l-propyl, or 2*acetoxyethyl 

When R2 is a (CRioR20)nS(0)niRl8 group m is 0, 1. or 2, and Rig is 
preferably aryl, especially phenyl, or Ci-io alkyl, especially methyl Tlie n temi is 
preferably 1 to 4, more preferably 2 or 3, such as in an ethyl or propyl group. 

25 When R2 is a (CRioR20)nORl 1 group, Ru i& suitably hydrogen, aryl, 

especially phenyl, or Ci-io alkyl, especially methyl or ethyl The n term is preferably 
1 to 4, more preferably 2 or 3, such as in an ethyl or propyl group. 

When R2 is a (CRioR20)nNHS(0)2Rl8 group, flig is suitably alkyl 
especially methyl The n term is preferably 1 to 4, more preferably 2 or 3, such as in an 

30 ethyl or propyl group. 

When R2 is a optionally substitoted aryl, the aryl is preferably phenyl The aryl 
ring may be optionally substituted one or more times, preferably by one or two 
substituents, independently selected from C]^ alkyl halogen, especially fluoro or 
chloro, (CRioR20)tORi 1, -(CRioR20)tNRloR20 » especially amino or mono- or di- 

35 alkylamino -(CRioR20)tS(0)mRl8» wherein m is 0, 1 or 2 ; - SH-, . 

-(CRioR20)nNRl3Rl4t -NRioC(Z)R3 (such -NHCO(Cmo alkyl)); -NRioS(0)mR8 
(such as -NHS02(Ci.iO alkyl)); t is 0, or an integer of 1 to 4. Preferably the phenyl is 
substituted in the 3 or 4- position by -(CRioR20)lS(0)mRl8. and R18 is preferably 
Cmo alkyl especially methyl 
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When R2 is an optionally substituted heteroaiyl or heterpafylall^l group the 
ring may be optionally substituted one or more times^ pieferably by one or two 
substituents, independently selected from one or more times, by Cm aU^l halogen, 
especially fluoro or chloro. (CRioR20)tORih -(CRioR20)tNRlOR20 » especially 
5 amino or mono- or di-alkylamino -(CRioR20)tS(D)mRl8^ whwein m is 0. 1 or 2 ; - 
SH-, -(CRioR20)n-NRl3Rl4r -NRioC(Z)R3 (such -NHCO(Cl-lO alkyl)); 
.NRlOS(0)mR8 (such as -NHS02(Cl.lO alkyl)); t is 0, or an integer of 1 to 4. 

One skilled in the art would readily recognize that when R2 is a 
(CRioR20)nOC(Z)Ri h or (CRioR20)nOC^NRi3Rl4 moiety, or any similady 
10 substituted group that h is preferably at least 2 which will allow for the syndiesis of 
stable compounds. 

Preferably R2 is a Ci-4 alkyl (branched and unbranched), especially methyl, a 
methylthio propyl, a methylsulfinyl propyl, an amino propyl, N-methyl-N-benzylamino 

15 propyl group, diethylamino propyl, cyclopropyl methyl, morpholinyl butyl, 

morpholinyl propyl, a motpholinyl ethyl, a piperidine or a substituted piperidine. 
More preferably R2 is a methyl, isopropyl, butyl, t-butyl, n-propyl, methylthiopropyl, 
or methylsulfinyl propyl, morpholino propyl, morpholinyl butyl, phenyl substituted by * 
halogen, ^alkyl or sulfinyl all^l such as a methylthio, methylsulfinyl or 

20 methylsulfonyl moieQ^ piperidinyl, I-Foimyl-4-piperidine, l-benzyl-4-piperidine, 1- 
methyl-4-piperidine, ora l-ethoxycarbonyl-4-piperidine. 

In all instances herein where there is an aikenyl or alkynyl moie^ as a 
substituent group, the unsaturated linkage, i«e., the vinylene or acetylene linkage is 
preferably not directly attached to the nitrogen, oxygen or sulfur moieties, for instance 

25 in OR3, or for certain R2 moieties- 

As used herein, "optionally substituted" unless specifically defined shall mean 
such groups as halogen, such as fluorine, chlorine, bromine or iodine; hydroxy; 
hydroxy substimted Ci.ioalkyl; Ci-io alkoxy, such as methoxy or ethoxy; S(0)m 
alkyl, wherein m is 0* I or 2, such as methyl thio, methylsulfinyl or methyl sulfonyl; 

30 amino, mono & di-subsdtuted amino, such as in the NR7R17 group; or where the 

R7R17 may together with the idtrogen to which they are attached cyclize to form a 5 to 
7 membered ring which optionally includes an additional heteroatom selected from 
0/N/S; Ci-10 alkyl, cycloalkyl, or cycloalkyl alkyl group, such as methyl, ethyl, 
propyl, isopropyl, t-butyl, etc. or cyclopropyl methyl; halosubstituted Cmo alkyl, such 

35 CF3; an optionally substituted aryl, such as phenyl, or an optionally substituted 
arylalkyl, such as benzyl or phenethyl, wherein these aryl moieties may also be 
substituted one to two times by halogen; hydroxy; hydroxy substituted alkyl; Ci-io 
alkoxy; S(0)m alkyl; amino, mono & di-substituted amino, such as in the NR7R17 
group; alkyl, or CF3. 
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In k preferred subgenus of compound^ of Foimula ODt K.1 is 4-pyridyl;.2-aIkyl- 
4-pyridyI, 4-quinoIyIt 4-pyrimidinyl, or 2-aniino-4-pyiimidinyl; R2 is moipbolinyl 
propyl, aminopropyl, pipexidinyl, N-benzyl-4-piperidme» or a N-iiietbyIr4-:piperidine; 
5 and R4 is pbenyl or phenyl substituted one or two times by fluoro, chloro, Ci^ alkoxy, 
-S(0)m alkyU methanesulf onamido or acetamido. 

A preferred subgrouping of compounds of Formula (I) are those where R2 is 
other thaii methyl when Ri is pyridyl, and R4 is an optionally substituted phenyl. 

10 Suitable phannaceutically acceptable salts are well known to those skilled in 

die art and include basic salts of inorganic and organic acids, such as hydrochloric acid, 
hydrobromic acid, sulphuric add, phosphoric add, methane sulphonic add, ethane 
sulphonic acid, acetic add, malic add, tartaric acid, citric acid, lactic acid, oxalic add, 
succinic add, fumaric add, maldc add, benzoic add, salicylic add, phenylacetic acid 

15 and mandelic acid. In addition, pharmaceutically- acceptable salts of compounds of 
Formula (I) may also be formed with a pharmaoeutically acceptable cation, for 
instance, if a substituent group comprises a caiboxy moieQ^. Suitable pharmaceiftically 
acceptable cations are well known to those skiUed in the art and include alkaline, 
alkaline earth, ammonium and quaternary anuuonium cations. 

20 

The following terms, as used tierein, refer to: 

• "halo" or "halogens", include the halogois: diloro, fluoro, bromo and iodo. 

• "Ci.igall^r or "aDcyl" - both straight and branched chain radicals of 1 to 10 

carbon atoms, unless the chain length is otherwise limited, including, but not limited to, 
25 methyl, ethyl, n-prppyl, iso-propyl, n-butyl, jec-butyl, iso-bntyl, len-butyl, n-pentyl 
and the like. 

• The term "cycloalkyl" is used herein to mean cyclic radicals, preferably of 3 
to 8 carbons, induding but not limited to cyclopropyl, cyclopentyl, cyclohexyl, and the 
like. 

30 • The term "cycloalkenyr is used herein to mean cyclic radicals, preferably of 

5 to 8 carbons, which have at least one bond including but not limited to cyclopratenyl, 
cyclohexmyl, and the like. 

• The term "alkenyl" is used herein at aUoccunenoes to mean straight or 

35 branched cham radical of 2-10 carbon atoms, unless the chain length is limited thereto, 
including, but not limited to ethenyl, 1-prppenyl, 2-propenyl, 2-methyl-l-propenyl, 1* 
butenyl, 2*butenyl and the like. 

• "aryl" - phenyl and naphthyl; 
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• "heteroaryr (on its own or in any combination, such as "heteroaryloxy", or 
"heteroaryl alkyl") - a 5- 10 membered aromatic ring system in which one or more rings 
contain one or more heteroatoms selected from the group consisting of O or S, such 
as, but not limited, to pyrrole, pyrazole, furan, thiophene, quinoline, isoquinoline, 

5 quinazolinyl, pyridine, pyrimidine, oxazole, thiazole, thiadiazple, ttiazple, imidazole, 
orbenzimidazole. 

• "heterocyclic" (on its own or in any combination, such as "heteFocydylalkyl") 
. a saturated or partially unsaturated 4-10 membezed ring^^ystem in which one or more 
rings contain one or more heteroatoms selected from the group consisting of N, O, or 

10 S; such as, but not limited to, pyrrolidine, piperidine, piperazine, morpholine, 
tetrahydro'pyran, or imidazolidine. 

• The term "aralkyr or "heieroarylalkyr or "heterocyclicalkyr is used herein 
to mean Cm all^l as defined above attached to an aryl, heteroaryl or heterocyclic 
moiety as also defined herein unless otherwise indicate. ' 

IS • "sulfinyl" - the oxide S (O) of the corresponding sulfide, the term "tfaio" 

refers to the sulfide, and the term "sulfonyl" rdfers to the fully oxidized S (0)2 moiety. 

• "aroyl" -aC(0)Ar,^^reuiArisasphenyl,naphthyl,orarylaIl7l 
derivative such as defined above, such group include but are note limited to benzyl and- 

• phenethyL 

20 • "alkanoyr* • a C(O)Ci.i0 alkyl wherein the alkyl is as defined above. 

The compounds of the present invention may contain one or more asymmetric 
carbon atoms and may exist in racemic and optically active forms. All of these 
compounds are included within the scope of the present invention. 

25 

Exemplified compounds of Formula (I) include: 
l-[3-(4-MorpholinyI)propyl]-4-(4-fluorophenyl)-5-(4*pyridyl)imidazol^ 
l-(3-Chloropropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-(3-Azidopropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
30 l-(3-Aminopropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imida2ole; 

l-(3-MethyIsulfonamidopropyI)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-[3-(N-PhenylmethyI)aminopropyl]-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-[3-(N-Phenylmethyl-N-methyl)aminopropyl)-4-(4-fluorophenyl)-5-(4- 

pyridyl)hnidazole; 

35 l-[3-(l-PyrroUdinyl)propyl]-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole 
l-(3-Diethylaminopropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-[3-(l-Kperidinyl)propyl]-4-(4-fluorophenyl)-5-.(4-pyridyl)imidazole; 
l-[3-(MetfayIthio)propyl]*4-(4-fiuorophenyI)-5-(4-pyridyI)imidazole^ 
l-[2-(4-MorphoIinyI)etfayl]-4-(4-fluorophenyl)-5-(4-pyridyI)imidazole; 
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l-[3-(4-Morpholmyl)propyl]-4-(3-methylthiophenyl)-5-(4-pyri^^ 
l-[3-(4-Morpholinyl)propyl]-4-(3-methyIsumnylphcnyI>5-(4-pyri^ 
l-[3-CN-methyl-N-ben2yl)aminopropyl]-4-(3-methyIW^ 
pyridyI)imidazole; 
5 l-[3-G^-methyl-N-beruyl)aminopropyl]-4-(3^^ 
pyridyl)imidazole; 
l-[4-(MetbyltMo)phenyl]-4-(4-fluorophenyl)-5-(4-pyridyl)im 
l-[4-(Meihylsulfinyl)phenyQ-4-(4-fluorophenyl)-5-(4-pyndyI) 
l-[3-0vletbylthio)pheiiyI]-4-(4-fluorophenyI)-5-(4-pyridyl)m^ 

10 l-[3-(Methylsulfinyl)phenyI]-4-(4rfluon)phen)rl)-5K4-py^ 

l-[2-(Methylthio)phenyI]-4-(4-fluorophehyl)-5<4-pyiidyl)imi(^ 
l-[2-(Methylsulfinyl)phenyI]-4-(4-fluorophenyl)-5K4-pyridyl)m^ 
l-[4<4-Morpholkyl)butyl]-4-(4-fluorophenyl)-5K4-pyridyI)m^ 
i-Cyctopropyl-4-(4-fluorophenyl)-5<4-pyridyI)imida20lc; 

15 l-Isopropyl-4-(4-fluorophenyl>5K4-pyridyl)imida261e; 

l<^clopropylmetfayl^K4*fluorophenyl>5-(4-pyridyI)imida^ 
l-ten-Butyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-(2^-Diethoxyethyl)-4-(4-fluorophenyl)-3h(4-pyiidyl)imidazo 
l-ForraylmethyI-4-(4-flDorophenyl)-5-(4-pyridyI)iinidaM 

20 l-Hydroxyiminylmethyl-4-(4-fluorophenyl)-5-{4-pyridyl)imi 
l-Cyanonie%l-4-(4-fluorophenyl)-5-(4-pyridyI)imida2ole; 
l.[3-(4-Moipholinyl)propyl)-4-(4-fluorophenyl)-5-(2-methyIpyrid-4-yl) 
4-(4-Huorophenyl)-l-[3-(4-moipholinyl)propyI]-5-P-chloropyridin-4-^^^ 

4- (4-Fluorophenyl)-l-[3-(4-moipholmyl)propyI]-5-^-amino^ imidazole; 
25 l-(4<;aiboxymethyl)propyl-4-(4-fluorophenyl)-5-(4-pj^^ 

l-(4-Caiboxypropyl>4^4-fluon>phenyI>5-(4-pyiidyl)imidazote^ 
l-(3<:aiboxymethyl)&thyI<4-(4-fluorophenyl)-5-(4-pyridyI)im 
l-(3-Carboxy)ethyl-4-(4-fluorophenyl)-5-(4-pyridyI)imidazole; 
I-(l-Ben2ylpiperidin-4-yl)-4-(4-fluorophfflyl)-5-(4-pyridyl) imidazole; 
30 5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)4-I3-(4-MorpholinyO^^ 

5- (2-Aminopyiiraidin-4-yl)-4-(4-fluorophenyl)4-(l-benzylpiperidin-4-yI) 
5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-(2-propyl)imidazole; 
5-(2-Aminop)iimidin-4-yl)-4-(4-fluorophenyl)-l-(cycl^^^ 
5-(2rAminopynmidin'4-yl)-4-(4-fliiorophenyl>l-(l<aibp^ 

35 piperidinyI)imidazole; 

5-(2-Aminopyriraidin-4-yl)-4-(4-fluorophenyl)-l-(4-piperi 
l-Methyl-4-phenyl-5-(4-pyridyl)imidazoie; 
l-Methyl-4-[3-(chlorophenyI)]-5-[4-pyridiiiyl]imidazole; 
l-Metiiyl-4-(3-methylthiophenyl)-5-(4-pyridyl)imidazole; 
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l-Methyl-4-(3-methylsulfinylphenyl)-5-(4-pyridyl)to^ 
(4/-)-4-(4-Huorophenyl)-l-[3Kniethyl5uUmyl)prDpyl]-5-(4-pyrito 
4-(4-Huorophenyl>l-[(3-methylsdfonyI)propyl]-5-(4-pyridinyl)iraida^ 
l-(3-PhenoxypropyI)-4-(4-fluorophenyI)-5-(4-pyridinyI)iim 
5 1 -[3-ff*henyIthio)propyIl-4-(4-fluorophenyl)-5-(4-pyridinyl)im 
l-[3-(4-Moipholinyl)pix)pyI]-4-(4-fluorophenyl>-5-(4Hjumolyl)ira 
(+/-)-l-(3-Phenylsulfinylpropyl)-4-(4-fluor6phenyl)-5-(4-pyridm^^ 
l-(3-Ethoxypropyl)-4-(4-fluorophenyl)-5-(4-pyridtoyl)imi(to 
l-(3-PhenylsulfonylpropyI-4-(4-fluorophenyl)-5-(4-pyridinyl)imida2ol^^ 
10 I-[3-(4-MorphoIinyI)propylH-(3<hIorophenyl>5K4-pyri^ 
l-[3-(4-MoiphoImyI)propyI]-4-(3,4-dicWorophenyl)-5-(4-pyri^ 
4-[4-(4-RuorophenyI)-l-[3K4-moiphoIinyl)propyl]-5-Q)yi^ 

4- (4-FluorophenyI>S-[2-(methylthio)-4-pyrimidmyl]-l-[^^ 

imidazole; 

15 4-(4-Huorophenyl)-5-[2-(methylsulfinyl)-4-pyiiinidinyl)-l-^^ 
propyl]imidazoIe; 
(E)-l-(l-Propenyl)-4-(4-fluorophenyI)-5-(4-pyridinyI)imidazole; 
l-(2-Propenyl)-4-(4-fluorophenyl)-5-(4-pyridinyl)imidazoIe; 

5- [^-N,N-I>imethylamino)pyiimidin-4-yl)-4-(4-fluor^^ 
20 propyljimidazole; 

l-[3-(4-MorphoIinyl)propyl]-5-(4-pyridinyl)-4-[4*(txifluoromett^^ 
I-[3-(4-MorphoIinyI)propyl]-S*(4-pyridinyI)-4-[3-(ttifluoromethyl)^^ 
l-(Cyclopropylmethyl)-4-(3,4HJichIorophenyl)-5-(4-pyridinyl)^ 
l-(Cyclopropylmethyl)^(3-tiifluoromethylphenyl)-5K4-pyridinyl)^ 
25 I-(CyclopropylmethylH-(4-fluorophenyl)-5-(2-methylpyrid-4-yl)^ 
I-t3-(4-Morpholinyl)propyl]-5-(4-pyridinyl)-4-(3^-bistrifluorom^ 
imidazole 

5-[4-(2-Aminopy]imidinyI)]-4-(4-fluon)phenyI> I-(2-caiboxy-2,2- 

dimetfayletbyl)imidazole; 
30 l-(l-Fonnyl'4-piperidinyl)-4-(4-fluoiophenyl)-5-(4-pyri 

5*(2-Amino-4-pyzimidinyI)-4-(4-fluoropbenyI)-l-(l-meAyl-4-pipe^ 
l-(2,2-DimethyI-3-moipbolin-4-yI)propyl-4-(4-fluorophenyI)-^^ 

pyrimidinyl)imidazole; 

4- (4-Fluorophenyl)-5-(4-pyridyl)-l-(2-acetoxyethyI)imidazole. 

35 5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-(l-benzylpyrrolin-3^^ 

5- (2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-(2^,6,6-!etramet^^^ 

yI)imidazole. 
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Preferred compounds of Fonnula (I) include: 
5-[4-(2-Ammo)pyrimidmyl]-4-(4-fluorophenyl)-l-(4-N-moxpholino-l^ 

propyl)imidazole; 
5-t4-(2-AmmopyrimidinyI)-4-(4-fluorophenyl)-l-(l-benzyl-4-piperi 
5 5-(2-Amino-4-pyrimidinyl)-4-(4-fluorophenyl)-l-(4-piperidto 
5-(2-Amino-4-pyrimidinyl)-4-(4-fluorophenyl>l-(l^ 

imidazole. 

Another aspect of the present mvention is the compound, 4-phenyl-S«[4- 
10 pyridyI)imidazoIe. Another aspect is of the present invention is a pharmaceutical . 
composition comprising a carrier or diluent and effective amount of 4-phenyl-5-[4- 
pyridyl)imidazole. Yet another aspect of the present invention is the novel method of 
treating a cytokine mediated disease state, in a mammal in need thereof, with an 
effective amount of 4-phenyl-5-[4-pyridyl)iraidazole. 
IS For purposes herein the dosage ranges, formulation details, and methods of 

making are analogous to the compounds of Formula (I). 

Hie compounds of Formula 0) may ht obtained by applying synthetic 
procedures, some of which are illustrated in Schemes I and V. Ihe syntheas provided 

20 for in these Schemes is applicable for the producing compounds of Formula (I) having a 
variety of different Ri, R2, and R4 groups which are reacted, employing optional 
substituents which are suitably protected, to achieve compatibiliQr with the reactions 
outlined herein. Subsequent deprotection, in those cases, then affords compounds of the 
nature generally disclosed. Once the imidazole nucleus has been established, further 

25 compounds of Formula (I) may be prepared by applying standard techniques for 
functional group interconversion, well known in the ait 

For instance: -C(0)NRi3Ri4 from -CO2CH3 by heating with or widiout 
catalytic metal cyanide, e.g. NaCN, and HNR13R14 in cksOH; -OC(0)R3 from -OH 
with e.g., C1C(0)R3 in pyridine; -NRio<:(S)NRi3Rl4 from -NHRio with an 

30 alkylisothiocyante or thiocyanic acid; NR6C(0)OR6 from -NHR6 with the alkyl 

chloroformate; -NRi0C(O)NRi3Ri4 from -NHRio by treatment with an isocyanate, 
e.g. HN=C=0 or RioN=C=0; -NRio-C(0)R8 from -NHRio by treatment with Cl- 
C(0)R3 in pyridine; -C(=NRio)NRi3Ri4 from -C(NRi3Ri4)SR3 with HsNRs+OAc' 
by heating in alcohol; -C(NRi3Ri4)SR3 from -C(S)NRi3Ri4 with Re-I in an inert 

35 solvent, e.g. acetone; -C(S)NRi3Rl4 (where R13 or R14 is not hydrogen) from 
-C(S)NH2 with HNRi3Rl4-C(=:NCN)-NRi3Ri4 from .C(=NRl3Ri4)-SR3 with 
NH2CN by healing in anhydrous alcohol, altemativdy from -C(=NH)-NRi3Ri4 by 
treatment with BrCN and NaOEt in EtOH; -NRio-C(=NCN)SR8 from -NHRio by 
treatment with (R8S)20NCN; -NR10SO2R3 from -NHRio by treatment with 
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CISO2R3 by heating in pyridine; -NRioC(S)R3 from -NRioC(P)R8 by treatment with 
Lawesson's reagent [2,4-&is(4-methoxyphenyI)-13.2,4-dithiadiphosphetane-2,4- 
. disulfide]; -NR10SO2CF3 from -NHRg with triflic anhydride and base wherein R3, 
R6. RlO> Rl3 and Ri4 aie as defined ia Formula (I) herein. 



R4CHO (V) +ArS(0^^,H 
HjNCHO 



Ar-S(0)t 




debydntmg agent 



RiCHjNHx (Vni) 

Fotmylaliiig agent 



CHaa 
NaOH 

Had PTC 



ArS(0)2Li <yn)j 

wbBtetnp&iS 



R^NHCHO 
dehydnfing agent 

R4CH2NC (VI) 




RlCHO -I- 



NC 




SCHEME I 

Rtfeiring to Scheme I the conq)ounds of Fbrmula 0) are suitably prepared by 
10 reacting a compound of the Formula ^ with a compound of the Formula (HI) vdierein 
p is 0, 1 or 2, Ri, R2 and R4 are as defined herein, or are precursors of the groups Ri, 
R2 and R4, and Ar is an optionally substituted phenyl group, and thereafter if necessary 
converting a precursor of Ri, R2 and R4 to a group Ri, R2 and R4. 
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Suitably Ar is phenyl optionally substituted by Ci^alkyl, C1.4 alkoxy or halo. 
Preferably Ar is phenyl or 4-niethylphenyl Suitably the reaction is performed at 
ambient temperature or with cooling (e.g, -50'' to 1 0** ) in an inert solvent such as 
methylene chloride, tetrahydrofuran, toluene or dimethoxyethane in the .presence of an 
5 appropriate base such as 1,8-diazabicyclo [5.4.O.] undec-7-ene (DBU) or a guanidine 
base such as 1,5.7- triazabicycio [4.4.0] dec-5-ene (TBD). Suitably p is 0 or 2, 
preferably p is 0 in which case the intermediates of formula (II) are stable and 
capable of storage for a long time. 

Precursors of the groups Ri, R2 and R4 can be other Ri, R2 and R4 groups 

10 which can be interconverted by applying standard techniques for functional group * 
interconvo'sion. For example a compound of the formula (1) wherein R2 is halo 
-substituted Cuo alkyl can be converted to the corresponding Ci-io alkylNs 
derivative by reacting with a suitable azide salt, and thereafter if desired can be reduced 
to the corresponding Ci.ioalkyINH2 compound, which in turn can be reacted with' 

15 Ri8S(0)2X wherein X is halo (e.g., chloro) to yield the corresponding 

Ci.ioalkylNHS(0)2Ri8 compound. 

Alternatively a compound of the formula (1) where R2 is halo-substituted 
Ci-io-alkyl can be reacted with an amine R13R14NH to yield the correisponding 
Ci.io-BlkylNRi3Rl4 compound, or can be reacted with an alkali metal salt of RigSH 
20 to yield the corresponding Ci.ioaU^lSRigcompoimd. 

In a further aspect the present invention provides compounds of the Formula 
(n) as defined herem with the proviso that when ArS(0)p is tosyl, then R4 is not an 

unsubstituted phenyl. 

The compounds of Formula (II), in Scheme I, may be pr^ared by the methods 
25 of Van Leusen et aL. JOC, 42, 1 153 (1977). For example a compound of the Formula 
(n) may be prepared by dehydrating a compound of the Formiila (IV) wherein Ar, R4 

and p are as d^ined hereiiL 

Suitable dehydrating agents mclude phosphorus oxychloride, oxalyl chloride or 
tosyl chloride in the presence of a suitable base such as triethylamine. 

30 The compounds of formula (IV) may be prepared by reacting a compound of 

the formula (V) R4CHO wherc'R4 is as defined herein, with ArS(0)pH and formamide 
under dehydrating conditions at ambient or elevated temperature e.g. 30'' to 150% 
conveniently at reflux, optionally in the presence of an add catalyst Alternatively 
trimethysilylchloride can be used in place of the acid catalyst Examples of add 

35 catalysts include camphor- 10-sulphonic acid, p-toluenesulphonic acid, hydrogen 
chloride or sulphuric add. 

' The compounds of the formula (II) where p is 2 may also be prepared by 
reacting in the presence of a strong base a compound of the formula (VI) R4CH2NC 
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with a compound of the formula (VH) ArS02Li wherein R4 and Araxeas defined 
herein and Lj is a leaving group such as halo, e.g. fludro. Suitable strong bases include 
alkyl lithiums such as bu^l lithium or lithium diisopropylamide. 

The compounds of formula (VI) may be prepared by reacting a compound of 
5 the fonnula (Vm) R4CH2NH2 with an alkyl formate (e,g- ethylf oxmate) to yield an 
intermediate amide which can be converted to the desu-ed isonitrile by reacting with a 
dehydrating agent such as oxalylchloride, phosphorus oxychlotide or tosyl chloride in 
the presence of a suitable base such as tiiethylamine. 

Alternatively a compound of the formula (VHI) may be conv^led to a 
10 compound of the formula (VI) by feaction with chloroform and sodium hydroxide in 
' aqueous dichloromethane under phase tiansfiN'cataiyds. 

Hie compounds of the formula (JU) may be prepared by reacting a compound 
of the fonnula RxCHO with a primary amine R2NH2. 

The amino compounds of the formula (VHI) axe known or can be prepared from 
IS the corresponding alcohols, oximes or amides using standard functional group' 
interconversions. 

In a further process, compounds of Formula (I) may be prepared by coupling a 
• suitable derivative of a compound of Formula (K): 

20 




wherein T] is hydrogen and T4 is R4 , or alternatively Ti is Ri and T4 is H in which 
Rit R2 and R4 are as hereinbefore defined; with: (i) when Ti is hydrogen, a suitable 

25 . derivative of the heteroaryl ring RiH, under ring coupling conditions, to effect 

coupling of the heteroaryl ring Ri to the imidazole nucleus at position 5; Qi) when T4 
is hydrogen, a suitable derivative of the aryl ring R4H, under ring coupling condidons, 
to effect coupling of the aryl ring R4 to the imidazole nucleus at portion 4. 

Such aryl/heteroaryl couplmg reactions are wdl known to those skilled in the 

30 art In general, an organometallic synthetic equivalent of an anion of one component is 
coupled with a reactive dmvative of the second component, in the presence of a 
suitable catalyst The anion equivalent may be formed from either the imidazole of 
Formula (IX), in which case the aiyl/beteroaryl compound provides the reactive 
derivative, or the aryl/heteroaryl compound in which case the imidazole provides the 

35 reactive derivative. Accordmgly, suitable derivatives of the compound of Formula (K) 
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or the aryl/heteroaryl rings include organometallic derivatives sach as 
organomagaesium, organozinc, organostannane and boronic add derivatives and 
suitable reactive derivatives include the bromo, iodo, fluorosulfonate and 
trifluoromethanesulphonate derivatives. Suitable procedures are described in WO 
5 91/19497, the disclosuxe of virhich is incoxporated'by reference herein. 

Suitable organomagnesium and organpzinc derivatives of a compoand of 
Formula (DC) may be reacted with a halogen, fluorosulfonate or triflate derivative of 
the heteroaiyl or aryl ring, in the presence of a ring coupling catalyst, such as a 
palladium (O) or palladium (II) catalyst, following the procedure of Kumada et eA., 
10 Tetrahedron Letters, 22, 5319 (1981). Suitable such catalysts include tetralds- 
(triphenylphosphine)palladium and PdCl2[l,4-^is-(diphenylphosphino)-butane], 

optionally in the presence of lithium chloride and a base, such as triethylamine. In 
addition, a nickel (^) catalyst, such as Ni(II)Cl2(I»2-biphenylphosphino)ethane, may 
also be used for coupling an aryl ring, following the procedure of Pridgen, J Org Chem, 

IS 1982,47,4319. Suitable reaction solvents indudp hexamethylphosphor-amide. When 
the heteroaryl ring is 4-pyridyl, suitable derivatives include 4-bromo- and 4-iodo- 
pyridine and the fluorosulfonate and triflate esters of 4-hydroxy pyridine. Similariy, 
suitable derivatives for when the aryl ring is phenyl include the bromo, fluorosulfonate, * 
triflate and, preferably, the iodo-derivatives. Suitable organomagnesium and 

20 brganozinc derivatives may be obtained by treating a compound of Formula (DC) or the 
bromo derivative thereof with an alkyliithium compound to yield the corresponding 
lithium reagent by deprotonation or transmetallation, respectively. This lithium 
intermediate may then be treated with an excess of a magnesium halide or zinc halide 
to yield the corresponding organometallic leagenL 

25 A trialkyltin derivative of the compound of Fomula (DC) may be treated with a 

bromide, fluorosulfonate, triflate, or, pr^erably, iodide derivajdve of an aiyl or 
heteroaryl ring compound, in an inert solvent such as tetrahydrofuran, preferably 
containing 10% hexamethylpbosphoramide, in the presence of a suitable coupling 
catalyst, such as a palladium (0) catalyst, for instance tetrakis- 

30 (triphenylphosphine)palladium, by the method described in by StiUe, J Amer Chern 
Soc, 1987, 109, 5478, US Patents 4,719,218 and 5,002,942, or by using a palladium 
(n) catalyst in the presence of lithium chloride optionally with an added base such as 
triethylamine/in an inert solvent such as dimethyl formamide. Trialkyltin derivatives 
may be conveniently obtained by metallation of the corresponding compound of 

35 Formula (DC) with a lithiatmg agent, such as 5-butyMithium or n-butyllithium, in an 
ethereal solvent, such as tetrahydrofuran, or treatment of the bromo derivative of the 
corresponding compound of Formula (DC) with an alkyl lithium, followed, in each 
case, by treatment with a trialkyltin halide. Alternatively, the bromo- derivative of a 
compound of Formula (DC) may be treated with a Suitable heteroaryl or aryl trialkyl tin 
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compound in the presence of a catalyst such as re^a^j-(triph&nyl-phosphine)» 
palladium, imder conditions simUar to those described above. 

Boronic add derivatives are also useful Hence» a suitable derivative of a 
compound of Fonnula (DC), such as the bromo, iodo. triflate or fluorosulphonate 
5 derivative, may be reacted with a heteroaiyl- or aryl-boronic acid, in the presence of a 
palladium catalyst such as teiraJb5-(triphenylpbosphine)-paUadium or MCl2[lA-bis- 

(diphenyl-phosphino)-butane] in the presence of a base such as sodium bicarbonate, 
under reflux conditions, in a solvent such as dimethoxyethane (see Fischer and 
Haviniga, Rec. Trav, Caum. Pays Bas, 84, 439, 1965, Snieckus, V., Tetrahedron Lett, 

10 29. 2135, 1988 and Terashimia. M., Chem. Pharm, Bull, 11, 4755, 1985). Non- . 
aqueous conditions, for instance, a solvent such as DMF, at a temperature of about 
lOOT, in the presence of a PdQI) catalyst may also be employed (see lliompson W J 
esal^l Org Chwn, 49, 5237* 1984). Suitable boronic acid ddivatives may be prepared 
by treating the magne^um or lithium derivative with a trialkylborate ester, such a^ 

15 triethyl, tri-£ro-propyl or tributylborate, according to standard procedures. 

In such coupling leactions, it will be readily appreciated that due regard must be 
exercised with respect to functional groups present in the compounds of Fonnula (IX). 
Thus, in general, amino and sulfur substituents should be non-oxidised or protected. 
Compounds of Formula (K) are imidazoles and may be obtained by any of the 

20 procedures herein before desoribed for preparing compounds of Formula (I). In 
particular, an a-balo-ketone or other suitably activated ketones R4COCH2HaI (for 
compounds of Fonnula (DC) in which T] is hydrogen) or RiCOCHiHal (for 
compounds of Formula (DC) in which T4 is hydrogen) may be reacted with an amidine 
of &e fonnula R2NH-C=NH, wherein R2 is as defined in Formula CD» or a salt thmof , 

25 in an inert solvent such as a halogenated hydrocarbon solvent, for instance chlorofotm, 
at a moderately elevated temperature, and, if necessary, in the presence of a suitable 
condensation agent such as a base^ The preparation of suitable a*halo-ketones is 
described in WO 91/19497. Suitable reactive esters include esters of strong organic 
adds such as a lower alkane sulphonic or aryl sulphonic acid, for instance, methane or 

30 p-toluene sulphonic add. The amidine is preferably used as the salt, suitably the 
hydrochloride salt, which may then be converted into the free amidine in situ , by 
employing a two phase system in which the reactive ester is in an inert organic solvent 
such as chloroform, and the salt is in an aqueous phase to which a solution of an 
aqueous base is slowly added, in dimolar amount, with vigorous stirring. Suitable 

35 amidines may be obtained by standard methods, see for instance, Garigipati R, 
Tetrahedron Letters, 190, 31, 1989. 

Compounds of Formula 0) may also be prepared by a process which comprises 
reacting a compound of Formula (DC), wherein Ti is hydrogen, with an N-acyl 
heteroaryl salt, according to the method disclosed in US patent 4,803,279, US patent 
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4,719,218 and US patent 5,002,942, to give an intermediate in >yhich the heteroaryl 
ring is attached to the imidazole nucleus and is present as a 1,4'dihydro derivative 
thereof, which intermediate may then be subjected to oxidative-deacylation conditions 
(Scheme II). The heteroaryl salt, for instance a pyridinium salt, may be either 

5 preformed or, more preferably, prepared in situ by adding a substituted carbonyl halide 
(such als an acyl halide» an aroyi halide, an arylalkyl halofoxmate ester, or, preferably, 
an alkyl baloformate ester, such as acetyl bromide» b^oylcbloiide, ben^^ 
chlorof Qrmate» or, preferably, ethyl chlorof ormate) to a solution of the compound of 
Formula (IX) in the hetmaryl compound RiH or in an inert solvent such as methylene 

10 chloride to which the heteroaryl compound has been added. Suitable deacyladng and 
oxidising conditions are described in U.S. Patent Nos. 4,803,279, 4,719,218 and 
5,002,942, which refi^nces are hereby incorporated by reference in their entirety. 
Suitable oxidizing systems mclude sulfur in an inert solvent or solvent mixtiu:e, such as 
decalin, decalin arid diglyme, p-cymene, xylene or mesitylene, under reflux conditions, 

15 or, preferably, potassium r*butoxide in x-butanol with dry air or oxygen. 




S/decalin^ or 
l-butoxldc/alr 



SCHEME n 

20 

In a further process, iQustrated in Scheme IH below, compounds of Formula (I) 
may be prepared by treating a compound of Formula Qt) thermally or with the aid of a 
cyclising agent such as phosphorus oxychloride or phosphorus pentachloride (see 
Engel and Steglich, Liebigs Ann Chem, 1978, 1916 and Strzybny et al., J Org Chem, 

25 1963, 28, 338 1 ). Compounds of Formula QC) may be obtained, for instance, by 

acylating the corresponding a-keto-amine with an activated formate derivative such as 
the corresponding anhydride, under standard acylating conditions followed by 
formation of the imine with R2NH2. The aminoketone may be derived from the parent 
ketone by oxamination and reduction and the requisite ketone may in turn be prepared 

30 by decarboxylation of the beta-ketoester obtained from the condensation of an aryl 
(heteroaryl) acetic ester with the RiCX>X component 
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X 

O 



14 

2.)HCa 



POO, 



5 In Scheme IV fflustzated belo two (2) different routes which use ketone 

(fomiula XI) for prepaxing a compound of Foimula (I). A heterocydic ketone (XI) is 
prepared by adding the anion of the alkyl heterocycle such as 4*methyI*quinoIine 
(prepared by treatment thereof with an alkyl lithium, such as n-buQ^l lithium) to an N- 
alkyl-O-alkoxybenzamide, ester, or any other suitably activated derivative of the same 

10 oxidation state. Altemativdy, the anion may be condensed with a benzaldehyde, to 
give an alcohol which is then oxidised to the ketone (XI). ' 



00) 



9» 



NH 



R ^' 



R,, 



IS 



SCHEME IV 



In a further process. N-substituted compounds of Formula CO va&y be ptepaied 
by treating tite anion of an amide of Formula QOI): 

R1CH2NR2COH (Xn) 

20 wherdui R] and R2 with: 

(a) a nitriie of the Formula CXm): 

R4CN pan) 

wherein R4 is as herdnbefored«Bned, or • 

(b) an excess ofana^Ihalide, for instance an acyl chloride, of the Formula 

25 (XIV): 

R4C0HaI GOV) 
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vibeiem R4 is as hereinbefore defined and Hal is halogen, or a cprresponding 
anhydride, to give a te-acylated intermediate which is then treated with a source of 
ammonia, such as ammonium acetate. 

R« , base ^ R, ^•)^-'^m2 . ."2 

SCHEMEV 

One vaiiation of tflis ^pioach is iUostrated in S(±eme V ab^^^ 
10 amine G^27^2) is treated with a halomethyl Iieterocycle of Formula RiCH27C to give 
the secondary amuie which is thai converted to the amide by standard techniques. 
Alt^advely the amide may be prepared as illustrated in scheme V by alkylation of the 
f ormamide with R1CH2X. Deprotonation of this amide with a strong amide base, such 
as lithium di*i5(?-propyl amide or sodium 2'i5-(trimethylsilyl)amide, followed by 
15 addition of an excess of an aroyl chloride yields the fcir-acylated compound which is 
then closed to an imidazole compound of Formula (I), by heating in acetic acid 
containing ammonium acetate. Altematively, the aiuon of the amide may be reacted 
with a substituted aiyl nitrile to produce the imidazole of Formula (I) directly. 

20 Suitable protecting groups for use with hydroxyl groups and the imidazole 

nitrogen are well known in the art and described in many references, for instance. 
Protecting Groups in Organic Synthesis, Gieene T W, Wiley-Interscience, New York, 
198 L Suitable examples of hydroxyl protecting groups include silyl etiiers, such as t- 
butyldimethyl or t-butyldiphenyl, and alkyi etiiers, such as metiiyl connected by an 

25 alkyl chain of variable link, (CRioR20)n« Suitable examples of imidazole nitrogen 
protecting groups include tetrahydropyranyL 

Pharmaceutically acid addition salts of compounds of Formula (I) may be 
obtained in known manner, for example by treatment thereof witii an appropriate 
amount of acid in the presence of a suitable solvent 

30 In the Examples, all temperaluies are in degrees Centigrade CC). Massspectra 

were performed upon a VG Zab mass spectrometer using fast atom bombardment, 
unless otherwise indicated ^H-NMR (hereinafter *'NMR") spectra were recorded at 
250 MHz using a Bruker AM 250 or Am 400 spectrometer* Multiplicities indicated 
are: s^singlet, d^doublet, t^plet, q=quartet, m=multiplet and br indicates a broad 
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signal. Sat indicates a saturated solution, eq Indicates the propprtion of a molar 
equivalent of reagent relative to the principal leactant 

Flash chromatography is run over Merdc Silica gel 60 (230 • 400 mesh). 

5 SYNTHETIC E?CAMPl£S 

The invention will now be described by reference to the following examples 
which are merely illustrative and are not to be construed as a limitation of the scope of 
the present invention. All temperatures are given in degreies centigrade, all solvents arc 
highest available puriQr and all reactions run under anydrous conditions in an argon 
10 atmosphere unless otherwise indicated. 

Vf3-f4-MQrphoIinvnpropvll- 4-f4>fluorophenvlV5-f4>pvridvlMmida20le 

a) 4>fluorQph&nvl>tQlvlfliiomethvlfQnnamide 

15 A solution of p-fluorobenzaldehyde (13.1. millillt^ (hereinafter mL), 122 

millimoles (hereinafter mmol) thiocresol (16.64 grams (hereinafter g), 122 mmoI)» 
formamide (15.0 mL, 445 mmol), and toluene (300 mL) were combined and heated to 
toluene reflux with azeotropic removal of H2O for 18 L Hie cooled reaction was 
' dUuted with EtOAc (500 mL) and washed with satd aq Na2Cb3(3 x 100 mL), satd aq 
20 NaCl (100 mL), dried (Na2S04), and concentrated. The residue was triturated wifli 
. petroleum etb^t fUtered and dried in vacuo to afford 28 JO g of the title compound as a 
white solid (85 %). melting point (hereinafter mp) = 1 19 - ITXfi. 

b) 4-flporophey)yj-tPty?tfiiomgftYli50PYayHd^ 

The compound of example 1(a) (25 g, 91 mmol) in (31202 (300 mL) was 
25 cooled to -30^ and with mechanical stirring POCI3 (1 1 mL, 1 10 mmol) was added 
dropwise followed by the dropwise addition of EtsN (45 mL, 320 mmol) with the 
temperature maintained below -30^. Stirred at -3(P for ^ min and 5^ for 2 h, diluted 
with CH2CI2 (300 mL) and washed with 5% aq Na2C03 (3 x 100 mL), dried 
(Na2S04) and concentrated to 500 mL. This solution was filtered through a 12 x 16 cm 
30 cylinder of silica in a large sintered glass funnel with CH2CI2 to afford 123 g (53%) of 
purified isonitrile as a light brown, waxy solid. IR (CH2CI2) 2130 cm*l. 

c) Pyridine-4-carboxaldehvder4>Morpholinvlprop-3>vnimine 
Pyridihe-4-carboxaldehyde (2.14 g, 20 mmoL), 4-(3-aminopropyl)morpholine 

(2.88 g, 20 mmol), toluene (50 mL) and MgS04 (2 g) were combined and stirred under 
35 argon for 18 b. The MgS04 was filtered off and the flltrate was concentrated and the 
residue was reconcentrated from CH2CI2 to afford 4.52 g (97%) of the title compound 
as a yellow oil containing less than 5% of aldehyde based on ^ H NMR. NMR 
(CD3CI): d 8.69 (d, J = 4.5 Hz, 2H), 8.28 (s, IH), 7.58 (d, J = 4.5 Hz, 2H), 3.84 (m, 
6H). 2.44 (m, 6H), 1.91 (m, 2H). 
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d) l-r3.f4-Morpholinvnpropvl1.4 -f4-fluofOPhenvn-S.r4-nvridvnimida2olft 

The compound of example 1(b) (1.41 g, 5.5 mmol), and the compound of 
example 1(c) (1.17 g, 5.0 mmol) and CH2CI2 (10 mL) were cooled to 5 OC. 1.5.7- 
tria2abicyclo[4.4.0]dec-5-ene, henorforth refened to as TBD, (0.71 g 5.0 mmol) was 
5 added and the reaction was kept at 5 for 16 b, diluted with EtOAc (80 mL) and 
washed with satd aq Na2C03 (2 x IS mL). The EtOAc was extracted with 1 N HQ (3 
X 1 5 mL), and the acid phases w^ washed with EtOAc (2 x 25 mL), layered with 
EtOAc (25 mL) and made basic by the addiUon of soUd K2OO3 til pH 8.0 and then 
10% NaOk til pH 10. Ibe phases were separated and the aq was extacted with 
10 additional EtOAc (3 x 25 mL). The extracts were dried (K2CO3) concentrated and the 
readne was crystalized from acetone/hexane to afford 0.94 g (51%) of the title 
compotmd. mp = 149 - 150 0. . , 

15 1-f3-Chloropro pvlV4-r4-flDOTnphenvn.S-f4-nvridvnimidazole- 
a) Pvridine^arhnTaldehvdefg-rhlnmnronvnimhie 

to 3-chloropiopylainine HQ (15.1 g, 0.120 moles (herdnafter mol)) and H2O 
(I60 mL) was added pyridine-4-carboxaldehyde (9.55 mL, 0.100 mol), then K2CO3 
. (8.28 g, 0.060 mol) then CH2CL2 (100 mL) and the mixtute was stirred for 40 min. 
20 The phases wen separated and the aq phase was extracted with additional CH2Ci2 (2 x 
50 mL), dried CNa2S04) and concentrated to afford 17.1 g (94%) NMR (CPsQ): 
d 8.69 (d, J = 4.5 Hz, 2H, 832 (s, IH), 8.28 (s, IH). 7.58 (d, J = 4.5 Hz, 2H). 3.71 (m, 
2H), 3.63 (t, J = 6Hz, 2H), 2.24 (t, J = 6Hz, 2H). The presence of 9% of the aldehyde 
was evident by NMR. 
25 b) l-n4^hloropro pvlV4.f4-fluQmphftnv1VS.f4.pvridvnimidazole 

The compound of example 1(b) (6.85 g, 26.6 mmol), the compound of example 
2(a) (6.32g, 34.6 mmol), CH2CI2 (70 mL), and TBD (4.07 g, 28.4 mmol) were reacted 
by the procedure of example 1(d) to afford 3.19 g (38%). mp = 139 - 1400. 

30 E^ampte? 

1.f3.A7idnpronvn-4-f4-fluorophe nvlVS.f4-nvridvlMmidazole 

To a solution of the compound of example 2(b) (250 milligram (hereinafter 
mg). 0.79 mmol) and DMF (5 mL) was added NaNs (256 mg, 3.95 mmol) and Nal (12 
mg, 0.08 mmol) and the mixture was heated to 90° till the reaction was completed 
35 based on tic analysis (19:1 CH2a2/MeOH). The cooled reaction was added to 5% aq 
Na2C03 (20 mL) and extracted with EtOAc (3 x 25 mL). The combined extracts were 
washed with H2O (3 x 25 mL) and flash chromatographed ^2 x 10 cm column) with 0 
- 1% MeOH in CH2CI2 to afford 254 mg (100%) of the tide compound as a white 
solid. mps64-650. 
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Example 

l.f3-AminoDrQpvIV4-r4-fluoroDhenvlV5.f4-pvridvnimidazole 

- The compound of example 3, described above (254 mg, 0.79 mmoO, was 
dissolved in THF Q mL) an added dropwise to a 0° solution of 1 N LiA]H4 in THF 
{12 vaiL, 1.2 mmol), stined at 0° for 15 min. EtOAc (4 mL) was caiefiilly added and 
tfaie mixtme was added to ice cold 10% NaOH (15 mL) and the prodact was extracted 
with EtOAc (4 X 25 mL), dried (K2CO3) and oonoentrated to a wsxy solid. (175 mg, 
75%), mp = 81-820. 



Pxwppteg 

r-f3-MethvlsulfnnamidopropvI V4-f4-fluorophenvIV5-f4-T)vridvI)imida2o!e 

To the compound of Example 4, described above (79 mg, 0.26 mmol) in 
Qi2Cl2 (0.5 mL) was added EtsN (72 uL. 0.52 mmol), and ±exi methanesolfonyl 

15 chloride Q5 uL. 0.31 mmol). The reaction exotfiermed to CH2CI2 reflux briefly. The 
reaction was over withhi I min based on tic (19 : 1 CH2a2 /MeOIQ and was poured 
into 10% NaOH (5 mL) and extracted with EtOAc (3 x 20 mL). The extracts were 
washed with H2O (10 mL) and satd aq Nacl (10 mL), dried (Na2S04), concentrated 
. and flash chromatographed (1 x 10 on silica) with 0-8% MeOH in CH2Q2 to afford 

20 63 mg (65%). mp » 186 • 1870. 

Example 6 

l-r3-fN-Phenvlmethvnaminopropvn^r4-fluorophenvlVS -(4-pvridvnimida2nle 

Following the procedure of example 3 above, except using benzylamine as the 
25 nucleophile and purification of the erode product by trituration widi hot hexane, the 
tiUe compound was prq)ared as a white solid (32% yield), mp s 125 - 1260. 

Example? 

l-r3-fN-PheTivlmethvl-N-methvl^minopronvn-4-r4-fl aorophenvlV-W4. 
30 pvridvnimidazole 

Following the procedure of example 3 except using N-ben^lmethylamine as 
the nucleophile and purification of the crude product by trituration with hot iiexane, the 
title compound was ptepued as a white solid (42% yield), mp s 90 - 91^. 

35 - Example 8 

l-r3-f1-Pvrrolidinvnpropvn-4-f4-fluorophenvlVS-f4-pvridvr>imidgm1e 

Following die procedure of example 3 except using pyrrolidine as the 
nucleophile and purification of the erode produa by trituration with hot houne, die 
tide compound was prepared as a white solid (35% yield), mp = 105 - 107°. 
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R,T«inpre9 

t.n-niftthv1aminnpropvlV4-r4-fliinmphp.nvlV,S./4-Tivridvnim!da201e 

Following ibe proceduie of example 3 except udng diethylamine as tbt 
5 nucleophile and isolation of the product by extracdon with diediyl ether, die tide 
compound was prepared as a white solid (21% yield), mp s 94 - 95^. 

1 .r3.n -Piperidinvl>p ropvn-4-f4-flti nTnphen vl>-5-r4-T>vridvl>iinidazo!e 
10 Following the procedore of example 3 except using pipeiidine as the 

nucleophile and purification of the erode product by trituration with hot iiexane, the 
title compound was prepared as a vttate solid (63% yield), mp = 105 - 108^. 

15 1.ra-fMethvlthiQ^propvn^r4-flnoronhenvn.S.f4-pvridvl>imidazole 

Following die procedure of example 3 except using sodium ttdomediane as the 
nucleophile and omitting the sodium iodide followed by puriiicadon of the nude 
product by trimration widi hot hexane, die title compound was prepared as a white 
solid (50% yield), mp s 85 • 86°. 

20 

P^wipte 12 

l-r2.f4.Morpholinvnethvn .4-r4-fluQronhenvlV5-f4-pvridvlMmtdazole 

a) Pvridine.4-cari>nTflTdehv<ie.f%f4.MQmhblinvltethvnimine 
Following the procedure of example 1(c) except udng 4-C2p 

25 aroinoediyOmorpholine as the amine, die tide coihpoi^d was prepared as a light yellow 
oil (100%) containing less dian 10% of aldehyde based on NMR. NMR 
(CDaQ): d 8.68 (d, J = 6 Hz, 2H). 8.28 (s. IH), 7:58 (d, J = 6 Hz. 2H), 3.82 (m. 2H). 
3.72 (m, 4H), 2.72 (m. 2H). 2 J5 (m, 4H). 

b) l.r2.f4.Moiphnlinvl>ethvn-4-(4-fluoroDhenvlV5-f4-PvridvnimidazQle 
30 Following the procedure of example 1(d) except using the compound of 

example 20(a) as the imine, afforded the tide compound as a white solid (21 %). mp = 
114-1150. 

35 l-r3-f4-MoTPhoIinvl^propvn-4 -Q-meflivldiiophenvlVS-r4-pvridvlMmidamle 
a) N-r3-metfivlthiophenvl.ftolvlthio^medivllfotmamide • 
Following die procedure of example 1(a) except usmg m- 
mediylUiiobenzaldehyde as die aldehyde, die tide compound was prepared as a white 
soUd (73%). mp s 103 - 1040. 
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b) ^.mftthvlthinnhEnvl-ftnlvlthmYmPthvlisncvanide 

Foliowing the pioceduie of example 1(b) except using the compound of the 
previous step as the formaroide, the tide compound was prepared as a light brown oil 
(77%). IR(CH2a2)2120cm-l. 
5 c) , 1-f^f4-Morpholinvnpropvn.4-f3-methv lthinphenvn-5-f4-pvridvniTTiidazole 

Following the procedure of example 1(d) except using the compound of the 
previous step as the isonitiile, afforded the title compound as a white solid (31%). mp 
= 105-106°. 

I ii 

10 Example U 

1-re-r4-MQrpholinvl>pmpvn^f3.iBftthvli5uMnvlphenvlVS.f4.nvridvlMmidaM^ 

The compound of example 13(c). ^00 mg, 0.49 mmol) was dissolved in HOAc 
. (4 mL). K2S2O8 (151 mg, 0.56 mmol) dissolved in H2O was added and the soludon 
was stirred for 16 h, poured into 10 % aq NaOH (50 mL) (the resulting solution was > 
15 pH 10) and extracted with EtOAc (3 x 25 mL). The extracts were dried (K2CO3). 
concenu^ted and the residual oil crystalized from acetone/hexane to afford 87 mg 
(42%) of a white soHd. mp s 117 ■ 1 18° 

Example IS 

20 1-r3-fN.melhvl-N.benzvl)aminQpmpvIl-4-f3-methvlthi0DhenvlV5-(4- 
pvridvnimidazole 

a) . Pvridinft-4-car hoTaldfthvde3-fN-methvl->J-benzvlaminoDroDvlMmine 

Following the procedure of example 1(c) except usmg 3(-N-Methyl-N- 
benzylamino)propylamine as the amine (Ueda,T.; Ishizaki,K.; Cbem. Pharm. Bull. 
25 1967, 15, 228 - 237.), the title compound was obtained as a light yellow oil (100%) 
containing less than 10% of aldehyde based on NMR. NMR (CD3CI): d 8.65 
(d, J » 7 Hz, 2H), 8.21 (s, IH), 7.54 (d, J = 4.5 Hz, 2H), 7.52 (m. 5H), 3.69 (t, J = 1 1 
Hz, 2H). 3.48(8, 2H), 2.44 (t, J » II Hz, 2H), 2.18 (s. 3H). 1.91 (ra, 2H). 

b) l-r3.fN-methvl.N-hen2vnaminopropvn.4.f3.methvlth{ophenvlVS.f4- 
30 pvridvlMmidazole 

Follovnng die procedure of example 1(d) excepl using the compound of 
example 13(b) as the isonitrile, and the compound prepared in the previous step as the 
imine afforded the title compound as a white solid (36%). mp s 87 • 88°. 

35 P^ample 16 

]-r3-fN-methvl-N-benzvl')aminoprnpvll-4-f3-methvlsulfinvlDhenvlVS-f4. 
pvridvnimidazole 

FoUov^g the procedure of example 14 except using the compound of example 
15(b) as the sulfide afforded the tide compound as a white solid (97%). mp = 84 - 85". 
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Example 17 

l-r4-rMethvlthio^phenvn-4-f4-fluomphBnvlV5.f4-pvri(lvnimida2ole 
£) . Pvrid<nft^e9rhnTaldehdvef4-mftthvlth1nphenv1'>imine 
5 Following tfie procedure of example 1 (c) except using 4-(methylthio)ani]ine as 

the amine afforded (100%) of a light yellow oil with no detectable amount of aldehyde 
based on NMR. NMR (CDsCl): d 8.75 (d. J « 6 Hz, 2H). 8.47 (s, IH), 7.74 (d. 
J = 6 Hz. 2H), 730 (d, J = 8 Hz, 2H), 7.22 (d, J = 8 Hz, 2H), 2.52(s, 3H). 
b) l-r4-fMftthvlthio>phenvn.4-f4-flaorophenvn-5-f4-pvridvlMmidazole 
10 Following the procedure of example 1 (d) except using the compound of the pre- 

vious step as the imine afforded the title compound as a white solid (27%). mp = 172- 
173°. 

E??aiTiplg 18 

IS l-r4-fM£thvlsulfinvnphenvl1-4-f4-fluorophenvlVS.f4-pvridvnimidamle 

Following the procedure of example 14 except using the compound of example 
17(b) as the sulfide afforded the title compound as a white solid (67%). mp = 202 - 
2030. 

20 . Examplft 19 

l-r3-fMethvlthio^phenvn-4- f4-fliioroDhenvlVS-f4-nvridvlMmidazote 

a) . Pvridine-4-carfaoxaidehdve f3.Tnethvlthiophenvl'>iinine 

Following the procedure of example 1 (c) except using 3-(methylthio)aniline as 
the amine afforded (98%) of a light yellow oil with ca 2.5% of aldehyde based on ^H 
25 NMR. 1h NMR (CDsQ): d 8.76 (d, J = 6 Hz, 2H), 8.44 (s. IH), 7.74 (d. J = 6 Hz, 
2H), 7.30 (d. J « 8 Hz, 2H), 734 - 6.98 (m. 4H), 2.52(8, 3H). 

b) l-r3-fmethvlthio'>phenvn-4-f4.fluorophenvlV-5-f4-pvridvlMmidaK>le 
Following the procedure of example 1(d) except using the compound of the pre- 
vious st^ as the imine afforded the title compound as a white solid (42%). mp = 155- 

30 1560. 

Rxamplein 

1-r3-n^ethvlsiilfinvnphenvn-4-f4-flunmphenvn-5-r4-nvridvnimidazole 

Following the procedure of example 14 except using the compound of example 
35 19(b) as the sulfide afforded the title compoand as a white solid (67%). mp » 233 - 
2340. 



Example 21 

l-f2-fMethvlthio')phenvll.4-f4-flMnmphenvn.5-f4:pvridvnimidazole 
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a) Pvridine-4-carboxaldehdver2-m6thvlthiophenvnimf^^^ 

Following the procedure of example 1(c) except using 2-(methylthio)aniline as 
the amine afforded (98%) of a light yellow oil with ca 8% of aldehyde based on 
NMR. 1h NMR (CD3CI): d 8.75 (d. J = 6 Hz. 2H), 8.41 (s. IH). 7.7$ (4 J = 6 Hz. 
5 2H). 7.36 - 7^00 (m. 4H). 2.47(s. 3H). 

b) ' l-r2-(methvlthio>Dh&nvIl>4>f4-fluoroDhenvl^>5>r4>pvnM vnmiidazole 

Following the procedure of example 1 (d) except using the compound of the 
previous step as the imine and purification by flash chromatography with 0-1% 
MeOH in CH2CI2 afforded the title compound as a non-crystalline white foam (53%). 
10 mp = 59-60O. 



l»r2>methvlsu1finvnDhenvn>4-f4^fluoronhCTvlVS-r4-pvrid vlMmtdaMlft 
15 Following the procedure of example 14 except using the compound of example 

21(b) as the sulfide, and purification by flash chromatography with 0-4% MeOH in 
CH2GI2 afforded the title compound as a non-ciystalline white foam (52%). mp = 60 - 
165^. CIhe ill defined mp is probably the result of a mixture of confonnational isomers* 
which is clearly indicated in the and ^^C NMR spectra of this compound.) 

20 

g^OT»pte23 

l>f3<:MoroDrQpvlV4^f4>fluQrophenv1V5-r4>pvridvnimfda2oift 

(See also Example 2 above for alternative method of preparation) 

a) 4 -Huorophenvl-tosvlmeth vlformamtde 

25 To a solution of toluene sulphinic add sodium salt hydrate (120g) in water (750 

ml) was added concentrated sulphuric add (16ml). Dichloromethane (500ml) was 
added and the organic and aqueous layers were separatejd; the aqueous layers being 
extracted with dichloromethane (2x200ml). The combined organic extracts were dried 
(Na2S04) and evaporated to dryness to yield the solid sulphinic add (71.79g, 0.46 

30 mole). This was added to p-fluorobenzaldehyde (57.04g, 0.46 mole) and formamide 
(62.1g, 1.38 mole) and the resulting mixture was stimed with camphor-lO-suIphonic 
add (21.3g, 0.092 mole) at 60-65^undw nitrogen for 22 hours. A solution of sodium 
bicarbonate (33.6g, 0.40 mole) in water (400ml) was added to the ice-cooled solid 
product which was broken up and stirred for 30 minutes. The crude product was 

35 collected and washed with acetone (220ml) and then ether (3x220ml) and dried to yield 
the desired product, 91.5g, 64.8%. 

b) 4-nuorophenvl-tQSvlmftthvli5iQcvantdft 

To a suspension of the compound of the previous step (3.22g, 10.5 mmole) in 
dimethoxyethane (21ml) stirring at -lO^ was added phosphorus oxychloride (2.36ml, 



wo 95/02591 



31 



FCT/US94/07969 



25.3 mmole) dropwise over 5 minutes. Triethylaraine (7*35ml, 525 mmole) was then 
added dropwise over 10 minutes and the reaction mixture was poured into saturated 
sodium bicarbonate solution (100ml) and the oily product was extracted into 
dichloiomethane (2x30ml). The organic extracts weie evaporated to yield a black oil 
5 (3 Jflg) which was eluted frorn Grade in basic alumina (60g) using dichlorometfaane. 
The combined product fractions were evaporated and ether added to crystallize the 
desuied product, 1.735g. 57%. 

C) l-f3>ChloroDroDvIV4-f4-fluorophenvlVS>r4>pvridvlVimSda7.nle 
10 To a solution of the conipound of the previous step (1.183g, 4.09mmol) and the 

compound of example 2(a) (1.122g, 6.15mmole) in dimethoxyethane (15ml) at ambient 
temperature was added dropwise over 10 minutes a solution of DBU ^.67mlt 
4.51mmole) in dimethoxyethane (lOmI). The reaction mixture was stirred at ambient 
temperature for l-l/2hours and then evaporated to leave an oil which was eluted from 
15 Grade m basic alumina (lOOg) to yield the desired product* 1.096g, 85%. 

Example 24 

l>r4-f4-MorohoIinvnbutvlM-f4>fluorophenvlVS-f4>pvridvnimidam^ 

a) 4-r4-MorDholino>bptvl-l-pthalimide 

20 4-Bromobutyl-l-pthalimide (5.0 g, 17.7 mmol) and morpholine (20 mL) were 

combined and stirred for 3 h, diluted with Et20 ^00 mL), and filtered. The solid was 
washed with more Et20 a^d the combined filtrates were extracted with 3 N HQ (3 x 
25 mL). The combined acid phases were washed with Et20 (3 x 50 mL), layered with 
EtOAc and made basic by the addition of solid K2CO3 til the foaming stopped and then 

25 10% aq NaOH was added til the pH was > 10. Extraction with EtOAc (3 x 100 mL), 
drying, (K2CO3), concentration and flash filtration 1 L silica wash first with 0-4% 
MeOH in CH2CI2 and then dute product with 4% MeOH and 1% EtsN in CH2CI2 to 
afford 5.52 g (54%) of the title compound as a white solid. 

b) 4-f4-MotphoHno^butvlaminft 

30 The compound of example 24 (a) (1.0 g, 3.47 mmol), hydrazine monohydrate 

(190 ^1, 3.82 mmol) and CH3OH (20 mL) w^e combined and stuied at 23^ overnight 
The CH3OH was removed in vacuo and the resudue was concentrated to dryness from 
EtOH. The residue was combined with 2N HQ (20 mL) and stirred for 2h, filtered and 
the solid was washed with H2O. The combined filtrates were concentrated in vacuo 

35 and reconcentraled from EtOH twice to give a white foam which was dissolved in 3: 1 
CH2CI2/CH3OH, and stirred with solid K2CO3 for 5 min and filtered. The filtrate was 
concentrated to afford 0.535 g (80%) of a brown oil. NMR (CD3CI): 3.7 - 3.2 (m, 
6H), 2.7 - 2.2 (m, 6), L6 - 1.3 (m. 6H). 
. c) Pvridine-4-carboxaldehvder4-f4-morphQlinvnbutvnimine 



wo 95/02591 



32 



FCTATS94/07969 



FoDowing the procedure of example 1(c) except using the compound of example 
24(b) as the amine die title compound was prepared as a light yellow oil (100%) con- 
taining 30% of aldehyde based on NMR. NMR.(CD3C1): 8.60 (d, J = 6 Hz, 2H). 
8.19 (s, IH). 7.51 (d, J » 6 Hz. 2H). 3.7 • 3.2 (m, 6H), 2.5 < 2.2 (m. 6). 1.7 • 1.4 (m, 4H). 
5 d) l-r4-f4-MorphQlinvnhutvn- 4.r4>fluorQPhenvn.5-f4-pvridvnimida2olft 

Following the procedure of example 1(d) except using the compound of 
example 24(c) as the imine afforded the title compound ^8%). mp = 103 - 1040 

Example 25 

10 l-Cvclopropvl-4-f4-fluorQphftnvlV5.f4.pvridvl>imidazoIe 

a) Pvridine-4-carhnxa]dehvdscvclnpropvIimine 

Following the procedure of sample 1(c) except using a 100% excess of the 
volatile cydopropylamine the title compound was pr^aied a^ a li^t yellow oil 
(100%). 1h NMR (CDsQ): 8.65 (d. J « 6 Hz. 2H). 8.40 (s. IH). 7.51 (d. J s 6 Hz. 
15 2H). 3.07 (m,lH), 1.01 (m.4H) 

b) l-CvclQpropvl-4-f4-fluorophenvlV5.f4-pvridv1MTnida2ole 

Hie compound of the previous step QO nunol), the compound of example 1(b) 
(5.65g, 22 mmol), and CH2CI2 (20 mL) were cooled to 0° and TBD (2.84g, 20 mmol) • 
. was added. Stirred at 5° for 2h, 23° for 48b and refluxed for 4 h. Hie crude reaction 
20 was flash filtered through a sintered glass f utmel filled with alica (1 L of silica) eluting 
with 0-4% CH3OH in CH2CI2. Crystals from hexane/acetone to afford 839 mg (15%) 
mpF 129.0 -129.50. 

Example 26 

25 l-Isopropvl-4 -f4.fluorophenvlVS.r4-pvridvnimida2ole 

a) Pvridine-4.carhoxa]dehvdeisopropvlimtne 

Following the procedure of example 1(c) except using isopropylamine as the 
amine the title compound was prepared as a light yellow oil (100%). ^H NMR 
(CDsQ): 8.67 (d, J = 4.4 Hz. 2H), 8.27 (s. IH), 7.59 (d, J = 4.43 Hz, 2H), 3.59 (m, 

30 IH), 1.27 (d. J = 6.3 Hz, 6H). 

b) 1-Tsnnronvl-4-f4-flnorophenvTV.S-f4-mri«<y1Mini«fa7«lA 

Following the procedure of example 1(d) and substituting the imine of Uie 
previous step the compound was prepared using a modified woik up of flash filtration 
of the criide reaction through silica (0 - 4% CH3OH in CH^j). Two crystallizations 
35 from hexane /acetone afforded the title compound as tan needles (30 %). mp = 179.0 - 
179.5. 



l.Cvclopropvlmethvl-4-f4-nunrnphenvlVS.f4-pvridvnimida7nle 



wo 95/02591 33 . PCT/US94/07969 

a) Pvriftinft^earhfiTaldehvde CvclnprnpylmftthvliminB 

Following the procedure of example 1(c) except uang cyclopropylmethylamine 
as the amine the title compoand was prepared as a light yellow oil (100%). ^HNMR 
(CDsQ): 8.69 (d, J = 4.5 Hz, 2H), 8.27 (s. IH), 7.61 (d. J s 43 Hz, 2H), 3.55 (d. J = 
5 6.7 Hz, 2H), 1.15 (m,lH), 0.57 (m.2H), 0.27 (m.2H). 

b) 1 .CvclnpropvlmethvM.f4-fliiorophsnvlV5-f4.pvridvnimtdazole 
Following the procedure of example 1(d) substituting the iroine of the previous 

step the compound was prepared using a modified work up of flash filtration of the 
crude reaction through silica (0 - 4% CH3OH in CH2CI2). Crystallization from hexane 
10 /acetone afforded the title compound as white flakes (62 %). mp = 162.0 - 162.5. . 

Etflmple28 

1.tert.Butvl4-f4-flHorophenvlVS.f4-pvtidvnimida201e 

a) Pvridine-4-carhnxaldehvde ttirt-hatvlimine 

15 Fbllowing the procedure of example 1(c) eaaxpt using teit-butylamine as the 

amine the title compound was prepared as a light ydlow oil (100%). ^HNMR 
(CDsq): 8.67 (d, J = 4.4 Hz, 2H), 8.22 (s, IH), 7.61 (d. J = 4.4 Hz, 2H), 1.30 (s, 9H). 

b) l.tert.Batv1-4-f4.fluorophenvlVS-f4-pvridvlMmida2ole 

Following the procedure of example 1 (d) substioidng the imine of die previous 
20 step the compound was prepared using a modified work up of flash filtration of the • 
crude reaction through silica (0 - 4% CH3OH in CH2CI2) to afford the tide compound 
as tan powdo: (16 %). mp <= 199.0 - 200.0. 

BTamplelQ 

25 T-f2.2.Diethoxv ethvlV4-f4-flnnrnphenvn.5-f4-Pvridvnfmida2ole 

a) Pvridine-4-ca rhnxaldehvde2.2-diethoxvethvlimine 

Following the procedure of example 1(c) except using 2,2-diedioxyethylamine 
as the amine the title compound was prepared as a light yellow oil (100%). ^H NMR 
(CDsQ): 8.69 (d, J = 4.4 Hz, 2H). 8.28 (s. IH), 7.60 (d, J = 4.4 Hz, 2H). 4.82 (t, J = 
30 5.1 Hz, IHO, 3.82 (d. J = 5.1 Hz, IH). 3.72 (m, 2H), 3.57 (m, 2H), 1.21 (I, ^ = 7.3 Hz, 
6H). . 

b) 1.r2:2.Diethox vethvlV4.f4.flunmphenvn.S.f4-pvridvnimidftmte 
Following the procedure of example 1(d) substitudng the imine of the previous 

step, die compound was prepared using a modified work up of flash filtmtion of die 
35 erode leacUon through silica (0 - 4% CH3OH in CHiPi). followed by a flash 

chromatography through silica with 25 - 100% ElOAc in hexane) and trituration of the 
resulting gum with hexane afforded die title compound as a white powder (47 %). nip 
= 69.5-70.0. 
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ETample30 

l-Fonnvlmgthv]-4-f4>fluorQphenvlVS>r4.pvridvlMmida20le 

The product of example 29(b} (400 mg, L13 mmol), H2O (10 mL), acetone (10 
mL) and coned H2SO4 (1 mL) were combined and refluxed for 24 L Most of the 
5 acetone was removed in vacuo and the residue was combined with 5% aq NaiCOs and 
extracted with EtOAc, dried (Na2S()4), concentrated and crystallyzed from acetone to 
afford the title compound as a white powder (47 %). mp = 118.5 - 119.0. 

Example 31 

10 l-Hvdroxviminvlmethv!-4-f4-flnorophenvlVS-f4-Pvridvn^ 

The product of example 30 (317 mg, 1.13 mmol), hydroi^lamine hydrochloride 
(317 mg), pyridine (317 pL). and ElOH (3.8 mL) were combined and lefluxed for 3h, 
poured into 5% aq Nk^COs, and extracted with EtOAc, dried ^a2S04) and flash 
filteiBd in 0 - 4% MeOH in CH2CI2 to afford 261 mg (78%) of fhe title compound, as a 

15 white powder, mp s 184.0 - 185.0. 

Example 32 

1>Cvanomethvl>4-f4>fluQrQphenvlVS-f4-pvridvnimidazQle 

The product of example 31 (250 mg, 0.84 nimol), and CUSO4 wexe combined 
20 and refluxed for 2h. The cooled reaction was flash filtered in 0-4% MeOH in CH2CI2 
' to afford 129 mg (55%) of the title compound as a white powder, mp s 1310 * 133.0. 

^^3^f4>Momholi^vn^ronvlV4-f4-fl^o^QphenvlV5>f2>mftthvlpvrid-4>vlM^ 

25 a) 4-Fonnyl'?-mgttiylpyriding 

4-Cyano-2-methyIpyridine was prepared from 2»6-lutidine asccording to the 
literature procedure (YamanaluuH.; AbeJ].; SakaraotoX; Hidetoshi, Hiranuma,H.; 
KamataA Chem. Pharm. Bull. 25(7), 1821 - 1826.). A solution of 4-Cyano*2- 
methylpyridine (0.367 g, 3. 1 1 mmoL) and toluene 05 mL) was cooled to -78^ and 1 

30 M DIB AL in hexanes (3.6 mL, 3.6 mmoL) was added dropwise via syringe pump (T < 
-65^). The reaction was warmed to 5^ and stirred for 5 min» lecooled to •78^ and 
CH3OH (3.5 mL) was added (T< -40^, warmed to 5<^ and stined for 5 min and then 
25% aq Rochelle's salt was added, stirred for 3 min and then acidified to< pH 1.0 with 
10% aq H2SO4. The aqueous was made basic by the addition of solid K2CO3 and 

35 extracted with EtO Ac. The extracts were dried (Na2S04) concentrated and filtered 
through silica (2% MeOH in CH2CI2) to afford 253 mg (84%) of aldehyde. ^fMR 
(CPsQ): d 10.05 (s. IH). 8.74 (4 J = 7Hz, 1 H), 7.51 (s. IH), 7.30 (d, J = 7Ha; IH). 
2.68 (s,3H). 

b) Pvridine^carboxaldehvder3-f4>mQrohQlinvnproDvllimine 
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Hie product of (bt previous step and 4i^aminoprop^)moipholine were 
reacted by Uie procedure of example 1 (c) to afford die title compound as a ydlow oil 
containing ho aldehyde based on NMR. NMR (CDsQ): d ZSJ (d, J s 5.0 Hz, 
IH). 8.25 (s, IH), 7.46 (s, IH); 7.36 (d, J = 5.0 Hz, IH), 3.71 (m. 6H), 2.60 (s, IH); 
5 2.35 (m,6H), 1.90 (m,2H). • 

C) l.r3.f^Morpholinvnpropvl>-4.f4-flnorophenvn-S.f2-methvlpvrid^ 
vnimidazole 

The compound of the previous step, and the compound of example 1(b) were 
reacted by the procedure of example 1(d) to afford the title compound as a white solid 
10 [51% from 33 (a)], mp = 116 - 117» 

faampte34 - , 

4-r4.FlporophenvlV1.r3.f4-morphoIinvnpr6pvn.5.r2^h1oropvridtn-4-vn}midayj^^ 

a) 2.CMnrQpvridin6^arboxaldehvder3-f4.morphQHnvnpropvnimine 

15 2-Chloropyiidine-4-carboxaldehyde was pr^ared as dtssciibed in die patent 

literature (WFI Acc. Na 88-25882(V37) whose disclosure is incoiporated by reference 
in its entirety herein. This aldehyde was reacted with 4-C3-aniinopropyl)moipholine by 
the procedure of example 1 (c) to afford the title compound as a yellow oiL NMR 
. (CDsQ): 8 8.45 (d, J = 5.1 Hz. IH), 8.24 (s, IH), 7.63 (s, IH); 7J1 (d, J = 5.1 Hz, IH). 

20 3.72 (m.6H). 2.44 (m,6H), 1.91 (m,2H). 

b) 4-f4-FluorophenvlVl-r3.f4-moroho1inv!^propvn.5-r2-chlort».4-pvridinvl'> 
imidazole 

Following the procedure of example 1(d) except using die compound of the pre- 
vious step as the imine afforded the title compound as a viiite solid {93%). mp - 97.0- 
25 97.50. 

P?^Mnple 35' 

4-f4-FluorophenvIV 1 -r3-f4-morpholinvnpropvn-5-f2-aminn-4-pvridinvn imidaTnla 

a) 4.f4-FlnoTophenvlVl-r3-(4-morohoUnvlteropvn.5-r2-hvdTazinvl.4.pvridinvn 

30 m^m\9 

The compound of example 34(b) (872 mg, 118 mmoL) and 98% hydrazine 
hydrate (9 mL) was heated to 1 15^ (badi temp) for 20 h, cooled to 23^ combined with 
H2O (20 mL) and extracted with EtOAc (3 X 25 mL). The combmed retracts were 
washed with H2O (2 x 20 mL) and dried (Na2S04). Flash chromatogR^hy with 0-8% 
35 CH3OH in CH2CI2 afforded 547 mg (63%) the title compound as a v^te solid. 

b) 4.f4-FlunmphRnv1V1-r3-r4-mnTphnlinvnpropvn-S-r2.iimino-4-Pvridinvn 

jmidazok 

The compound of the previous step (100 mg, 0.25 mmoL). absolute EtOH (15 
mL) and Raney m (0.4 mL) were shaken und^ H2 (45 psi) for 4 h. Flash 
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chiomaiogiaphy with 0-8% CH3OH in CH2CI2 aJEforded 34 mg (37%) the title 
compound as a white solid, mp s 186 - 187<*. 

Example 36 

5 l-f4.Carboxvro p.thvnpmrvl-4-f4.flunronhenvn-S.r4-pvridvIMmidazole. 

a) Pvridine-4-carhnTflldehvdef4-caAoxvm p-thv1hntvnimine 
Pyridine-4-carboxalddiyde was reacted with iiiethyl-4-atDinobutyrate by tiie 

procedure of example 1(c) to afford the title compound as a ydlow oil. NMR 
(CDsQ): 8 8.69 (d. J « 5.8 Hz. 2H). 8.27 (s, IH); 736 (d. J « 5.8 Hz, 2H). 3.70.(m. 
10 2H);2.31(t.Js8.0Hz.2H),2.08.(pi.2H). . 

b) l-f4-C>a1)OTvmelhvnpropvl-4 -r4.flnomphenvn.S^4.pvridvl^i^^ 

Following the procedure of example 1(d) excq>t using die compound of the 
previous step as the imine afforded the title compotmd as a white solid (35%). mp = 
69.0 -7a00. 

15 

F;caipp1|g37 

l.(4-Ca^hQXVDropvl^-4-f4-fluo ^nphenv1VS.fil-pv^^dvl^iTnida^ole 

The compound of example 36 (100 mg, 0.29 mmoQ, CH3OH 0 mL). «nd THF • 
(1.5 mL) were comlnned and the resulting soln was treated widi a s(dn of LiOH (62 
20 mg, 1.5 mmol) in H2O {15 mL) and the resulting soln was stirred for 4 h. Removal of 
the volatile compounmts in vacuo, redisolving in H2O and chromatography through 
HP-20 with H2O til the eluates were neutral and then witii 25% aq MeOH afforded tiie 
tide compound as die lithhim salt; 65mg (68%). ES (-f) MS ih/e B 326 (MH-^). 

* 

25 Example 38 

].n.rarbQxvmethv1')ethv1-4-f4-f lnoronhenvlVS-f4-pvridvl>iTPidazole 

a) t>vridine-4-earhnTfl1rtfthvdf» n-cartioxvmetfivnethvl imine 
Pyridine4-carboxaIdehyde was reacted witii P-alanine mettiyl ester the 

procedure ofexamplel.Cc) to afford the title compoond as a yellow oil ^HNMR 
30 (CD3CD: 88.68(d. J=4JHz,2H), 8.33 (s. 1H);7.57 (d, J =43 Hz, 2H),. 3.93 (t, J» 
6.7 Hz. 2H); 3.68 (s, 3H), 2.76 (t. J= 6.7 Hz. 2H). 

b) 1-n^arf>oxvm etfivnethv1-4-r4-flunrophenvn-5.f4.pvridvniTiiida2oleSB- 
219302 

Following the procedure of example 1(d) except using the compound of the 
35 previous step as die imine afforded die tide compound as a white solid (40% fipom the 
amine), mp ^ 1 19.0 - 120.00. 



pxaipplp39 

1.f3.Carhoxv'>ethvl-4-f4-fluQmphanvn-5.r4.pvridvmmida20le 
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Tb& compoond of example 38(b) was nydrolysed by the procedure of example 
37 to afford the title compound as the lithium salt; (71%). ES (+) MS n/e = 312 
(MH+). 

5 ' ' faampl840 

I . 

l-fl>Benzvlpiperidin^vn-4>f4>fluQrophenvlV5-f4-pvridvnimi 
a) Pvridine-4-carfaoxaldeh vde (1 ■benzvlpiperidin>4-vnimine 

Pyridine-4-caiboxaldehyde was reacted with 4-ainino-N-benzylpiperidine by 
the procedure of example 1(c) to afford the title compound as a yellow oil. 
10 b) l-fl-Benzvlpiperidin«4-vlV4-f4-fluorophenvlV5»f4>pvridvl> imidazole 

Following the procedure of example 1(d) except using the compound of 
example the previous step as the imine afforded the title compound as a white solid 
(9% from the amine). ES (+) MS m/e = 413 (MH+). 

15 E^ampte41 . 

5>f2-Aminopvrimidin-4-vlV4>f4-fluorQph&nvlVl>r3-r4-Morpholinvnprop 

imidazQlfi 

a) 2>Aminopvrimtdine-4-carboxaldehvde dimethyl acetal 
Dimethylformamide dimethyl acetal (55 mL, 0.41 mol), and pyruvic 

20 aldehyde dimethyl acetal (50 mL, 0.41 mol) were combined and heated to 100^ 
for 18 h. Methanol was removed in vacuo to a£ford an oil. 

A solution of NaOH (1 8 g, 0.45 mol) in R2O (50 mL) was added to 
guanidine HQ (43 g, 0.45 mol) in H2O (100 mL), and the resulting solution was 
added to the above described oiL The resulting mixture was stirred at 23^ for 48 

25 b. Filtration afforded 25g (50%) of the tiae compound. 

b) 2-AminQpvrimidine.4-carhoxaldehvde 

The cqmpund of the previous step (1.69 g»' 10 mmol) and 3N HQ (7.3 
mL, 22 mmol) were combined and heated to 48^ for 14h, cooled» layered with 
EtOAc (50 mL) and neutralized by the addition of NaHCO} (2.1g« 25 mmol) in 
30 small portions. The aq phase was extracted with EtOAc (5 x 50 mL) and the 

extracts were dried (Na2S04)and concentrated to afford 0.793 g (64%) of the title 
compound. 

c) 2-Amihopvrimidine-4-carboxald&hvder3>f4-Morpholinvnpropvllimine 
The compound of the previous step and 4-(3-aminopropyl)morphoIine> 

35 were reacted by the procedure of example 1 (c) to afford the title compound as a 
yellow oil 

d) S-f2-AminoDvrimidin-4>vn-4-f4-fluoronhenvl)-l-r3-f4- 
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Following the proceduie of example 1(d) excqpt using the compound of 
the previous step as the imine afforded the title compoond as a white solid. iH 
NMR (CbsQ) 5 8.15(d, J = 5.4 Hz, IH), 7.62(s,lH), 7.46 (dd, 2H), 7.00(t. J = 
8.6Hz, 2H), 6.50(d. J = 5.4 Hz, IH), 5.09(bid.s, 2H), 4.34(t, J = 7.0 Hz, 2H), 
5 3.69(m,4H),2.35(bnI.s/IH).2.24(t.J=4.6Hz.2H).1.84(m.2H). 

I , * ' • 

' I 

Example 42 

S.f2-Aminopvrimidin-4.vlV4.f4-fluorophenvlVl.fl-benzvlniperidin-4-vnimida^^^ 

a) 2.Amtnbpvrimidine-4-caifaoxaldehvde n.banzvloineridin-4.vnimine 

10 2>Aminopyrimidiiie-4-caiboxaldehydeand4-aminobenzylpiperidineweiB . 

reacted by the procedoze of example 1(c) to afford the title compound as a ydlow oiL 

b) S.r2.AmiBopvrimidin^vlV4.f4.fluorophenv1Vl.fl-henzvlpiperidtn-4. 

FoUowingthe procedure of example 1(d) except using the compound of the 
IS previous step as die imine afforded the thle compound as a white solid (31% from tiie 
amine), mp = 227 - 2290 (dec). 

S.f2.Aminonvrimidin.4.vlV4-f4.fluorophenvlVl-f2-propvntmida2ole 
20 a) 2.Aminopvrimidinft^carhoxaldghvdef2.DroDvnimine 

2-Aminopyiimidine-4-carboxaldehyde and Z-propyl amine were reacted by the 
proceduie of example l(c)'to afford the title compound as a yellow oiL . . 
b) S-r2-Aminopvriniidfa-4-vtV4-f4-flMornphftnvn.l-f2H>ropvnimidamle 

Following the procedure of example 1(d) exc^t using the con^iound of the 
25 previous step as the imine afforded the title compound as a white solid (32% from tiie 
2-amtnopyiimidine aldehyde), mp s 201 - 2020. 

5-f2-Aminopvrimidin-4-vl V4-f4-flaorophenvn-l-fcvclopropvlmethvnunida7nle 
30 a) 2-Aminopvrim idine-4-carboTaldehvdefcvcIoDropvlmethvlMmins . 

2-Aminopyiimidine-4-caiboxaldehyde and 2'CycIopn)pylmethyl amine were 
reacted by the procedure of sample 1 (c) to afford the tide compound as a yellow <nl. 
b) S.r2-Aniiiopvriinidin^vlV4-f4-flnomphenvn-l-fcvclopropvl- 

35 FoUowing the procedure of example 1 (d) estcept using tiie compound of tiie 

previous step as the imine afforded the title compound as a white solid 08% from tiie 
2-aminopyrimidine aldehyde), mp s 187 - 188<*. 
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,5.(?.Aminnpvrim}din-4-v1V4-r4-flnnrophftnvlVl-fl-caAoxvethvM- 
ptppridinvlMmidarole 

a) %Afninnpvrimidine-4-eart>OTa1dfthvderi-cari>OTvethvl-4-nipm-d^^^ 
5 2-Aminopyrimidine4-caiboxaldehydeandl-carboxyeth3l-4-ai^ 

weie reacted hy the procedure of exunple 1(c) to afford the tide compouDd as a yellow 
oiL 

b) 5-f2-Aminopvrimidiii^vn-4-f4lfliifYmphmv1Vl-n,cartoxvethvl^ 

piipcridinyMdazQte 

10 Following the procedoie of example 1(d) except using the compound of the . 

previous step as the imine afforded the tide compound as a white solid (26% from the 
2-anunopyrimidine aldehyde), mp « 216 - 218° (dec). 

IS 5-('2-Aminopvrimidin-4-vn.4-f4.flnoroDhenvn-l-f4-piperidinVl> imidazole 

a) 2-ATninnpvrimidinfta.caAnTridelivden-t.hiitnTvciirbonvl^ 
flminnpiperidinvlMmine 

2-Aminopyrimidine-4-caiboxaldehyde prepared in Example 41 and 1-t- 
■ butoxycarbonyI-4-aminopiperidine (Mach R. H., etaL, J- Med. Chem. 36. p3707- 
20 3719, 1993) were reacted by the procedure of example 1(c) to afford die title 
compound as a yellow tiL 

b) . S-r4-f2.Amino >pvrimidinvll-4-f4-flnorophenvlVl.fl-t. 
butoxvcaibonvlpipRridin-4-vn imidamla 

FoUowing the procedure of example 1(d) except using the compound of 
25 the previous step as the imine afiforded the title compound as a white solid (27% 
from the 2-aminopynmidine aldehyde). 

C) -S-r4-f2.Amino^pvrimidinvn^f4.flporonriBnvlVl-f4-i»iperidinvn 

lniidazoIgSB-220P25 

The compound of the previous step was combined with 4N HQ in 
30 dioxane (S mL), sdned 10 min. dilnted wilth EtOAc and the liquid phase was 
decanted. Tbe solid was twice washed with Et20 (25 mL) and the liquid phase 
was decanted. Further trituration with EtOH (abs) and then Et20 and dryuig in 
vacuo at 50^ for 16 h afforded the title compound as the tiihydrodiloride (41%). 
mps 265 -275 (dec) 

35 

Emmpte47 

l-MRthvl^phenv1-5-f4-nvridvl^ida2ole 

Following the procedure of example 48(b) excqpt using benzonitcile the title 
compouiut as a white solid, mp s 161-1620. 
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E;tampte48 

1-Methvl>4-ra.fchlorophenvn%5J4-pvridinvniTnidazote 
a) N>f4-Pvridinvlm&thvlVN'>methvlfQTniaTnidft 

To a stirring, argon-purged solution of 4-picolyl chloride-HCl ( ISg, 91.4 
5 mmol) and N-methylformamide (53.4 ml, 914 mmol) in 300 ml of THF at room 

temperature was added portionwise over a 20 minute period a suspension of 80% NaH 
(5.48g, 183mmol). The reaction, was quenched 18h later by the addition of ioe, 
partitioned betwem methylene chloride and water, washed with water and brine, dried 
over Mgi564, &nd evaporated to dryness to afford a dadc oil Flash chromatography on 
10 silica gel provided 10.5g (76%) of the titled compounds a pale yellow oil. TLC; silica 
gel (9:1 CHO/MeOH) Rf = 034. 

h) l-M&thvl-4-r3-fcMoroDhenvn%5-r4.pvridinvl1imidazole 

To a stirred, argon-covered, -78^ solution of lithium diisopropylamide 

15 (hereinafter LDA), (prepared from 1 1.2 ml of dii$opropyIamin& in 150 ml of 
tetrahydrofuran (hereinafter THF) by the addition of 31.9 ml of 2.5M n-BuIi in 
hexanes) was added dropwise the product of the previous reaction (lOg, 663 mmol) in 
100 mL of IHR Stirring of the resultant leddish-t^own solution was continued at -78^ - 
for 40 min at which point 3<hlorobenzonitrile (183g, 133 mmol) in 100 mL TEIF was 

20 added dropwise over 20 miru The reaction was allowed to warm to room temperature, 
stirred for Ih and heated to reflux forl2h. Thereactiion was cooled and worked up in 
a maimer similar to the previous ruction. Flash chromatography on silica gel provided 
2.1Sg of an oil which was crystallized by dissolution with heating in 10 mL of ethyl 
acetate. Following crystallization, the solid was collected, washed, and dried (0.4 mm 

25 Hg) to afford 1.43g (8%) of the titled compound as a light tan solid, mp » 1 19-1210. 

Example 49- 

l-Methvl-4-f3-methvlthiophenvlVS>f4>pvridvlYimida20lft 

Following the procedure of example 48(b) except using the compound of 
30 example 13(b) as the aryl nitrile die title compound was obtained as a white solid. ES 
(+)MSm/e=:281(MH+) 

NMethvl^f3-methvlsulfinvlphenvIV5>f4>pvridvnimida2ole 

Following the procedure of example 14 except u&ng the compound of example 
35 49 as the sulfide the tide compound was obtained as a white solid. ES (+) MS m/e = 
297 (MH+) 



f4./.V4,f4,Ruorophenvn-Ur3>fmethvlsulfinvnDrQpvn-5>f4>p^ 
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Following the procedure of example 14 except using the compouna irom 
example 1 1 as the sulfide and quenching with saturated aq NH4OH afforded the title 
compound as a white solid (0.87 g, 80%). mp = 122 - 123^. 

5 E7twnpleS2 

4-f4-FlttQrOPhenvlV1>rf3-methvl5:u1fnnvnnrnnvn-5-f4>pvridm 

The compound Of Example 51 (0J087 & 1.48 mmol) was dissolved in 
medianol (8 ml) and cooled to O^C The addition of trifluoroaceUc acid (0.12 ml) was 
followed by the dropwise addition of meta-chloroperoxybenzoic acid (QJ13 g, 222 

10 mmol) dissolved in CH2CI2 (10 ml). After stirring for 1 h the solvents were 

evaporated. The residue was partitioned betweai H2O and EtOAc and the aqueous 
phase was made basic by the addition of 2N NaOH. The organic phase was separated^ 
dried (MgS04) and concentrated and the residue was pruified by flash chromatography 
(silica gel, 5% MeOH/CH2Cl2) to afford the title compound (0.37 g, 69%). mp := 146 - ' 

15 1470 

l>f3-PhenoxvpropvIV4-f4-fluorophenvIV5-f4-pvridinvmmidazole 

To a solution of the compound from example 2(b) (0.22 g, .70 mmol) in 
20 acetonitrile (10 ml) was added K2CO3 (0.19 g, 1.40 mmol) and phenol (0. 10 g, IJ05 
mmol). After5tiningat70^Cfor24hthereaction was diluted with H2O. Tlie organic 
phase was separated and concentrated and the residue was purified by flash 
chromatography (silica gel, 5% MeOH/CH2Cl2) followed by recrystalizaUon in hexane 
to afford the title compound (0.02 g, 8%) as a white solid, mp = 95 - 96^. 

25 

l>r3-fPhenvlfliio^DrQPvI%4-f4-fluoronhmvn-S>f4:pvridinvn 

Following ttie procedure for example 3 except using thiophenol as the 
nucleophile, addmg 2.2 eq K2CO3 and omitting the Nal. The cooled reaction was 
30 diluted with 10% NaOH and the product was extracted with ether. Flash 

chromatography was followed by recrystalization from hexane to afford the title 
compound (0.13 g, 53%) as white needles, mp = 98 - 99^. 



35 l>r3-f4-Mon)^oUi)y]l)prppyI]-4-f4-fluproph^nyl(V^f4-qfflnp|yl)^^ 

a) Ouinovl-4-cftrbQxaldehvde r3.r4^MQrphQKnvnpropvnimtne 
QuinoyI«4-carboxaldehyde and 4-(3*aminopropyI)morphoUne were reacted by 

the procedure of example 1(c) to afford the title compound as a yellow oil. 

b) 143>f4>Mnn>hoItnvnprQnvn-4-f4>fluorophenvlVS>f4>qmnolvnimidaM^ 
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Following the procedure of example 1(d) except using the compound of the 
previous step as the imine afforded the title compound as a white solid (48% from the 
amine), mp = 139.5 - 140.0. 

5 ' < ' jEx^mpie 

f+AVl^f3-Phenvlsulfinvlprnpvn-4-f4-fluQrQphftnvlVS.f4>pv^ 

Following the procedure of examplei4 except using the compound from 
example 54 as the sulfide and quenching with saturated aq NH4OH afforded the tide 
compqund as a white solid, mp = 146.5 - 148^. 

10 

l-f3-Eth0XVDropvn-4-f4-fluorophenvn>5>f4-pvridinvlMmida2Qle 

To a solution of the compound of example 2(b) (0*40 g, 126 nmiol) in ethanol 
25 ml) was added sodium ethoxide (0.8 ml, 21 wt% in ethanol). After refluxing 16 h 
15 the mixtuie was cooled, diluted with H2O and extracted with EtOAc. Concentration of 
the solvent and purification by flash chromatography (silica geU 5% MeOH/ CH2CI2) 
afforded the tide compound (0.05 g, 12 %). mp = 85 * 86^. 

Example 58 

20 l>f3-PhenvlsuIfonvlpropvl-4-r4>fluorQphenvlV5>r4-pvridinvlMmtdftzQ^ 

Following the procedure for example 52 except using the compound from 
example 56 as the sulfoxide and reciystalizing from hexane following die 
chromatography afforded the tide compound as white solid. . mp = 109 - 1 10^. 

25 P?tampteg9 

^^3-f4-MorDholinvnD^ODvll^4-G^chlQrophenvlV5■f4^pvridvl^^ 

a) 3-cMQrQph6nyl-tolYlthiQmeMsQgyfti[rife^^ 

Following the procedure of example l(a,b) except using 3<chIorobenzaldehyde 
as the aldehyde component the tide compound was pmpared. 
30 b) 143-f4>Momholinv1>pn)pv1T^f3^hlornphenvlV5-f4>p vridvnimida^ 

FoUowing the procediu:e of example 1(d) substituting the isocyanide prepared 
in the previous step die tide compound was prepared. MS-DCI NH3 = 383 [M+H]. 

gAampte60 

35 l>r3-f4-MorpholinvnDropvl%4-f3-4-diehloroDhenvlVS-f4. pvri 

Following the procedure of example 1(d) substituting the isocyanide prepared 
in Example 67(a) the tide compound was prepared, mp = 106^. 
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ETampie6'l 

4>f4>f4-HuQroT)henvlVl-r3>f4-morphol!nvnpropv11-5>fpvrimid-2-Qnft^ 

a) 2>MethvlthinnvriTnidjnft-4-cftrhnTa1dehvderW4- 

mprphglmyDpropyniinine 
5 Following the procedure of example 1 (c) except using 2-methylthiopyrimi- 

dine-4-carboxaIdehyde [Biedeieck R et aL Chem. Bgr. 1964» 3407] avoided the 
title compound as a yellow oil 

b) 4-f4-HuQrophenvlV1-ra-f4-mnrphnlinvlWnpvn>S-fpvrimld-2>Qn<^ 

10 Conoeatrated aqueous ammonium hydroxide (2 mL) was added to 4-(4- 

fluorophenyl)-5-[2-(raethylsulfinyl)-4-pyrimidinyl]-l-[3-(4-moiphol^^ 
imidazole (0*14g, 037 mmol) [prepared in Example 63] and the reaction mixture 
was heated to ISO^C for 18 h. After cooling to ambient temp^ature, the 
ammonium hydroxide was decanted. The residue was purified by flash 

IS chromatography eluting successively with 4% and 10% metha^iol in 

dichloromethane followed by successive elutions with mixtures of 90/10/1 and 
70/30/3 chlorofoxm/methanol/concentrated ammonium hydroxide. Trituration 
with ether afforded the title compound as an o£f*white solid (0.035 g, 24%). 
.ESMS(m/&):384(M'*'-fH). 

20 

gxgmpteffl 

4'f4>FlpprophCTylV5'r2-fmeftylfl)wM-pYrimidinYn 

Following the procedure of 1(d) except using 2-methylthiopyrimidine-4- 
25 carboxaldehyde [3-(4-morphoIinyl)propyl]imine [pr^aied in Example 61(a)] 
afforded the tide compound as a yelow oil NMR (CDQa) 8 8.31(d, J = 7 Hz, 
IH). 7.64(s.lH), 7.46 (dd, 2H), 7.05(t. J « 8 Hz. 2H), 6.81(d, J = 5 Hz, IH). 4.42(t, 
J = 7 J Hz, 2H). 3.71(t, J = 5Hz, 4H). 2J8(s, 3H), 2.37(brd. s, 4H). 2.27(t. 1 = 6 
Hz,2H),1.85(nuZH). 

30 

Example 63 

4-f4-FluQrophftnvlVSJ2>fmethvlsulfmvlV4-Pvrimidinvn>l>r3>f4-mon)h^^^^ 

A solution of K2S20g (0.20 g, 0.73 mmol) in water (5 mL) was added to 
35 4-(4-fluorophenyl>5-[2-(methylthio>4-pyrimicfinyl]-l-[3-(4- 

morpbolinyl)propyl]imidazole (0.20 g, 0.48 mmol) in glacial acetic acid (10 mL). 
After stirring at ambient temperature for 72 h, the reaction mixture was poured 
into wat^, neutralized with concentrated aqueous ammonium hydroxide and 
extracted four times with dichloromethane. The organic phases were combined 
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and evaporated The residue was purified by flash diromatography elutinig 
succes^vely with 1%, 2%, 4% and 10% methanol in dichloFoinethane to afford 
the title compound as a clear oil (0.15 g, 73%). NMR (CDCI3) 5 8:57(d. J = 7 
Hz, IH). 7.77(s,IH), 7.47 (dd, 2H), 7.18(d, J = 5 Hz, lH)7.09(t, J = 9 Hz, 2H), 
5 4.56(m.2H),3.72(t.J=5Hz.4H).3.0b(s.3H),2.4()(brd.s.4H),2.33(t,j = 8Hz, 
2H).1.94(ni,2H). 

Eyample64 

fEVl-fl-ProDenvl>-4-f4-fluorophenvn-5-f4-pvridinvnimidazole 

10 a) Pvridine-4-carboxaldehvdef2.propenvnimine 

Pyridine-4*carboxaIdefayde and 2>propenyl amine were reacted by the 
procedure of example 1(c) to affoid the title con4>oand as a yellow oiL 
b) fEVl-fl-PropenvIV4-f4-flnoronhenvn-S-f4.twridinvnjinidaanIe 

Following the procedure of example 1 (d) except using the compound of die, 

15 previous step as the imine afforded a mixture of the title compound and 1-C2- 
Propenyl)-4-(4-fluon)phenyl)-5-(4-pyridinyl)iroidazole. Chromatography of the 
mixture witii 0 - 50% EtOAc in hexanes afforded the title compound (43%). mp s 
173.5-174.0 

20 ExamplftfiS 

l-f2-Propenvn.4-f4-flnorophenvlVS-f4-pvridinvminidaznle 

. Furthur chromatography of the mixture fibm example 64(b) afforded tba title 
confound (54%). mp = 116J0 - 117X> 

25 ^smsisM 

5-rf2-N.N-Dimethvlamino')Pvrimidin-4-vl]-4-f4-flaf>rophenvlVl.ra-f4.mnmhftlinvlV 
propvllimidaznle 

Following the procedure of example 61(b) except using aqueous 
diroethylamine afforded the title conqiound as a yellow glass. ESMS (m/z): 41 1 
30 (M++H). 

E?Mmp[eg7 

l-r3-f4-Mon)Kolinvnim)Pvn-S.f4>oviidinvlV4-r4-ftriflnoromethvnp henvnimi^ 

a) 4.trifluQromethv1phenvT.tQlvlthiomethvlisocvanidft 

35 Following the procedure of example l(a,b) except using 4-trifluoromethyl- 

benzaldehyde as the alddiyde component the title compound was prepared. 

b) l-r3.f4.Momholinvnpropvn-S-f4lpvridinyl>-4-r4-ftriflnornmethvn- 
nhenvnimidazole 
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The iiaine prepared in Example 1(c) was reacted yAth. die isbcyanide prepared 
in die previous step using die procedure of ncample 1(d) to pi^are the tide compound 
was prepaied. mp t33>^. 

5 Example 68 

l-r3-(4-MorohoIinvlWopv11-5.f4-Pvridinvl>-4.'r3.rtrifluoromethvl'>nhenvnim4d«yn^ 
a) 3-triflDoromethvlphsnvl.tolvlthiomethvlisocvanide 

Following die procedure of example i(a,b) except using 3-trifluoromediyl- 
benzaldehyde as the aldehyde component the title compound was prepared. 
10 b) l.r3.f4-Momho1mvnpropvn-S.f4.pvridinvn.4.r4-ftrifluorQmethvlV 

The imine prepared in Example 1(c) was reacted with die isocyanide prepared 
in die previous step using die procedure of ocample to prepare the tide compound 
waspr^ared. ESMS-417^+H] 

15 

Example 69 

l-fCvclonropvlmethvlV4-f3.4-dichlorophenvlV5-f4.pvridmvramida«>le 

a) 3.4-dichlorophenvl-tolvlthiomedivlisocvanide 

Following die procedure of example l(a,b) except using 3,4^chlorobenzald^yde as 
20 the ald^yde component the dde compound was prepared. 

b) l-fCvclopropvlmethvlV4-f3.4-dichlorophenvn-S-f4-pvridinvnimidazole 
Following die procedure of example 1(d) sttbsdtuting die imine pr^aied in 

Example 27(a) and die iso^anide pr^ared in the previous stq> the title compound was 
prepared. mp = 145.50. 
25 Example 70 

l-fCvclopropvlmetfivlV4-f3.trinuoTomethvlphenvn.S.f4-pvridinvnimida«ile 

Following the procedure of Example 1 (d) substituting die imine prepared in 
Example 27(a) and the iso^anide prqiared Example 68(&) the title compound was 
prepared. mpsl05.5O. 

30 

Example 71 

l-fCvclnpmpvlmftthvlV4-f4-flMoroph&nvn-5-f2-m&thvlpvrid-4-vnimidaznle 

a) 2-Medivlpvridine-4-caibnxaldehvdefcvclnnrflpvlmethvlMmine 
Reaction of 4-formyl-2-medi}1pyiidine [prepared in Example 33(a)] and 

35 cyclopropylmediyl amine by the procedure tit example 1(c) affords the title compound 
as a ydlow cSL 

b) l-fCvclopropvlmetiivIV.4-r4-flporQPhgnvn.S-f2-methvlpvrid-4-vnimirfagole 
Following die procedure of example i(d) except uang the compound of the 
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previous step as the imine afforded the title compound was as a white solid (62% from 
the 2-aroin6pyiimidine ald^yde). mp = 141.0 • 141.5<^. 

5 1-r3-f4-Mnrpholinvnpropvll-S-f4-BviidinvlV4-r3:S-bistrifluoromethvlphenv1V 
imidazQf^ 

a) 3.S-hi5!trifliinminethvlphenv1-li)1vlthinmgthvlisocvanide 
Following the procedure of example l(a,b) except using 3,5-bistriflaoromethyl- 
benzaldehyde as fbt aldehyde component the title compound was prepared. 
10 b) l.r3.f4-Morpholinvnpropvn.S-r4-pvridinvlV4.r3.S-histrifltiftm- 

ipethylp^etiynmltole 

Following the procedure of example 1(d) substituting the imine prepared in 
Example 1(c) and the isocyanide prepared in the previous st^ the title compotmd was 
prepared. mp = 136.5-13730. ' 

15 

S-r4-f2.Amfaiopvrimidinvni.4-f4-flaorophenvlVl.f2.<ai1>oTv.2.2.dimeft^^ 

• a) 2-Aminnpvrimidine.4-earboxaldehvde relhvl 3.aimino'.2.2-diinethvl. 
20 propionatelimhie 

2- Aminopyiimidine-4-carboxaidehyde and ethyl 3-amino-2,2-dimethyl- 
propionate. 

woe reacted by the procedure of example 1 (c) to afford the title compound as a yellow 
oiL 

25 b) 5.r4-r2-Amtnopvrimidinvm-4^4-fluprophenvn-l.f2-cariioxvethvl-2.2- 
dimethvlpropvl>imidazole 

Following the procedure oX example 1(d) excq>t using the compound of the 
{Hievious step as the imine afforded the title compotmd as a white solid (11% from tfie 
amine). 

30 C) 5-r4-f2.Aminopvrimidinvm.4-f4-flnnmphenvlV1.f2.cflrhnTy.2.2- 

dimgtf»ylettiyl)iniltols \Mm salt 

The compound of example 73(c) was hydrolysed by the procedure of example 
37 to afford the title compound as the lidiium salt; (67%). ES (+) MS m/e = 356. 

35 Example 74 

l-fl.Fnnnvl^piperidinvn-4-f4.flnQrophenvlVS.f4.pvridinvr>imidazole 

Hl>Ben2ylpipecidin-4-yI)-4-(4-iluon)phmyl)-5-(4-pyridyl)imidazole (100 
mgn>r^>ared in Example 40) was dissolved in 10% formic add/methanol under argon 
and palladium blade (100 mg) siixed in 10% fonAic acid/methanol was added. The 
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reaction was stirred under argon at room temperature for sixteen hours. "ITie reaction 
mixmre was ev^orated and the residue mixed in H20/ethyl acetate and the pH taken 
•to 10. The layMs were separated and the aqueous.phase extracted with ethyl acetate. 
The combined organic layers were evaporated and the residue was flash 
chromatographed (silica gel/methylene chloride/methanol) to yield the title compound, 
an off-rv^hite solid. ES (4-) MS m/e = 351 (MH'^ 

Example 75 

5-f2-Amin<>-4-pvrimidinvl>-4-f4-fluoroDhenvlVl-fl-methvl-4- p inm-dinvlMm 

a) '4-Aminn.l-methvlpipp.ririinp. 

1- MethyIpiperidin-4-one (4.22 g, 37 mmol) and an ice cold sohi of IN HQ in 
Et20 P7 toL, 37 mmol) were combined. Ttitoration followed by evaporation of the 
Et20 at 230 under a stream of argon afforded the hydrocbloilde. MeOH (1 14 mL), 
anhydrous NIi40Ac (28.7, 373 mmol) and 3A molecular sieves were added. Stirred 10 
min and dien NaCNBHs (2.33 g, 37 mmol) was added, and th^ mixture was stirred for 

1 h. Acidified to < pH 1 with concentrated HQ and washed with Et20. The resultmg 
mixture was made basic with 50% aq NaOH and extracted with EtOAc, dried (K2CO3), 
and distilled (bp = 55 - 6O0, 15 mm) to afford 3.88 g (88%) of the title compound, 
•b) 2~Aminopvrimidine-4-carboxaldehvdft<-l.m Rthvlpineridin.4.vlMmin«> 

2- Aminopyrimidine-4-carboxaldehyde and the compound of the previous step 
were reacted by the procedure df example 1(c) to afford the title compound as a yellow 
oil . 

b) S-f2-AminOfmimidin.4-vlV4-f4-flnnrnnhftnvT Vl.fl-henrvlpiiv.ridin^- 

YlDlmidMPte FoUowing die procedure of example 1(d) excq)t using the compound of 
the previous step as the imuie afforded the title compound after purification by 
chromatography on silica with 0-10% MeOH and 0 - 1% EtaN in CH2CI2 foUowed by 
fractional preciptation from MeOH with E^O; as a yellow solid (20% from the amue). 
mp = 235- 2370 (dec). 

Example 76 

J-f2.2-Dimethvl.3-mOTT)holinut.vlWnnvl^f4-flMf>rnphftnvn. 5.f2.AminfWt- 
Dvrimidinvl1imida7n1ft 

a) N-n-Amino-2.2.dimethv!pmpvnTnorphn1inft 

2,2-dimethyl-3-N-morpholuiyl propionaldehyde (CheneyJ^L. J. Amer. Chem. 
Soc. 1951. 73. p685 - 686; 855 mg, 5.0 mmol) was dissolved m Et20 (2 mL) and I N 
HQ in Et20 (5 mL. 5 mmol) was added. Stirred 5 min and the Et20 was evi^rated in 
a stream of Ar. The solid was dissolved u anhydrous MeOH (15 mL) followed by 
anhydrous NH4OAC (3.85 g, 50 mmol), and 3A molecular sieves. Stuied 5 min and 
then NaCNBHs (0.314 g, 4.0 mmoL) was added. Stirred 45 min and concd HQ was 
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added til the reaction mixture was < pH I. The MeOH was removed in vacuo and the 
residual mixture was dissolved in H2O (15 raL) and extracted with Et20 (25 inL). The 
aq phase was layered with another portion of Et20 and made basic by addition of 50% 
aq NaOH til > pH 10. Extraction with Et20 (3 x 40 mL), drying (K2CO3) and 
5 concentration afforded the title compound (86%). 

b) 2>Aminopvrimidine^carbox aldehvder3>f4-Morpholinvn-2.2> 
dimethvlDroDvnimine 

2*Aminopyiimidine«4-carboxaldeiiyde and the product of the previous step 
were reacted by the procedure of example 1(c) to afford the title compound as a yeUow 
10 ofl. 

c) 1-r2.2-D!mpihvU!^moTphohn>4-vIWonvl-4-f4-fluorODhenvlV5-f2-Amino^ 
pvrimtdinvnimtdazQle 

Following the procedure of example 1(d) except using the compound of the 
previous step as the imine afforded the title compound as a white solid (16% from the 
15 amine), mp = 242 - 245<> (dec.). 

4-f4-FluQrQPhenvn>S-f4>pvridvlV^f2>acetoxvethvhimidazote 

500 mg of 4-(4-Fluorophenyl>5-(4«pyridyl)imidazole was dried at 50* C overnight in 

20 vacuo and added to a flasik containing 20 ml of dried (sieve) dimethyl formamide . 
(hereinafter DMF) and treated with NaH (at 0 *C), then stirred at room temperature, 
and dropwise with 2-acetoxy ethylbromide. After three days, the mixture was poured 
into ice water, extracted into methyoene chloride, the organic phase washed with water, 
dried ov^ sodium sulfate and stripped in vacuo. Flashed the residue on silica using 

25 CH2Cl2-acetone (85:15) and eluting with increasing CH3OH from 0 to 10%. Two 
major product firactions were obtained, the pure cuts combined to give a slower eluting 
fraction and a. faster eluting isomer. These isomers were stripped and reoystallized 
from EtOAc-hexane to give the minor isomer (slower moving) and the fast, major 
isomer (the tided compound). NMR C^OmHz, CDCI3) shows CH2CH2 as singlet at S 

30 4.1 ppm, very clean, H-ortho to F, triple t at 6.9 ppm. CaI'd C:66.60, H:4.86, N:12.92; 
Found C:67.10, 67.03 H:5.07, 4.94 N: 13.08, 13.09. IR (nujol muU) shows 1740 cm*l 
(sharp, ester). 

MRTHOnS OFTREATMENT 
35 The compounds of Formula (I) or a pharmaceutically acceptable salt thereof can 

be used in the manufacture of a medicament for the prophylactic or therapeutic 
treatment of any disease state in a human, or oth^ mammal, which is exacerbated or 
caused by excessive or unregulated cytokine production by such mammal's cell, such 
as but not limited to monocytes and/or macrophages. 
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Compounds of Fbrmula (I) are capable of inhibiting proinflammatory 
cytoldnes, such as Hr 1, 11^6, ILr8 and TNF and are therefore of use in therapy. IL-1, 
ILr6, IL-8 and TNF affect a wide variety of cells and tissues and these cytokines, as 
well as other leukocyte-derived ^tokines, aie important and critical inflammatory 
5 mediators of a wide variety of disease states and conditions. The inhibition of these 
pro-iiiflammatory cytokines is of benefit in controlling, reducing and alleviating many 
of these disease stales. 

, Accordingly, the present invention provides a method of treating a cytokine* 
mediated disease which comprises administering an effective cytokine-interfering 
10 amount of a compound of Formula (I) or a pharmaceutically acceptable salt thereof. 

In particular, compoimds of Fonnula (I) or a pharmaceutically acceptable salt 
thereof are of use in the prophylaxis or therapy of any disease state in a human, or other 
mammal, which is exacerbated by or caused by excessive or unregulated IL-1, IL-8 or 
TNF production by such mammal's cell, such as, but not limited to, monocytes and/or 
15 macrophages. 

Acpordingly, in another aspect, this invention relates to a method of inhibiting 
the production of IL-1 in a mammal in need thereof which comprises administering to 
said mammal an effective amount of a compound of Formula (I) or a pharmaceutically - 
. acceptable salt thereof. 

20 There are many disease states in which excessive or unregulated ILr 1 

production is implicated in exacerbating and/or causing the disease. These include 
rheumatoid arthritis, osteoarthritis, radotoxemia and/or toxic shock syndrome, other 
acute or chronic infiammatDxy disease states such as the inflammatory reaction induced 
by endotoxin or inflammatory bowel disease, tuberculosis, atherosclerosis, muscle 

25 degeneration, multiple sclerosis, cachexia, bone resorption, psoriatic arthritis, Reiter's 
syndrome, ±eumatoid arthritis, gout, traumatic arthritis, rubella arthritis and acute 
synovitis. Recrat evidence also links IL-1 activity to diabetes, pancreatic B cells and 
Alzhdmei's disease. 

In a further wpect, this invention relates to a method of inhibiting the 

30 production of TNF in a mammal in need thereof which comprises administering to said 
mammal an effective amount of a compound of Formula or a pharmaceutically 
acceptable salt thereof. 

Excessive or unregulated TNF production has been implicated in mediating or 
exacerbating a number of diseases including rheumatoid arthritis, rheumatoid 

35 spondylitis, osteoarthritis, gouty, arthritis and other arthritic conditions, sepsis, septic 
shock, endotoxic shock, gram negative sepsis, toxic shodc syndrome, adult respiratory 
distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicon 
pulmonary sarcotsosis, bone resorption diseases, such as osteoporosis, r^rfusion 
injury, graft vs. host reaction, allograft rejections, fever and myalgias due to infection. 
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I 

sttch as influenza, cachexia aecondaiy to infection or maKgnancy, cachexia secondary 
to acquired immune defidracy syndrome (AIDS), AIDS. ARC (AIDS related 
complex); l^oid fonnation, scar tissue f onnation, Crohn's disease, ulcerative colids 
andpyresis. 

5 I / Compounds of Fonnuh(n are also useful in the treatment of viral in^ 

where such viruses are sensitive to upregulation by TNF or will elicit TNF production 
in vivo. The viruses contemplated for treatment herein are those that produce TNF as a 
result of infection, or those which are sensitive to inhibition, such as by decteased 
replication, directly or indirectly, by the TNF inhibiting-compounds of Formula (1). 

10 Such viruses include, but are not limited to HIV-1, HIV-2 and HIV-3, Cytomegalovirus 
(CMV), iofluenza, admovinis and the Herpes group of viruses, such as but not limited 
to. Herpes Zoster and Herpes Simplex. Accordingly, in a further aspect, this invention 
rdates.to a method of treating a mammal afflicted with a human immunodeficiency 
virus (HIV) which comprises administering to such mammal an effective TNF 

15 inhibiting amount of a compound of Formula (I) pr a pharmaceutically acceptable salt 
thereof. 

Compounds of Formula G) may also be used in association with the veterinary 
treatment of mammals, other than in humans, in need of inhibition of TNF productiorL 
TNF mediated diseases for treatment, therapeutically or prophylactically, in animals 

20 include disease states such as those noted above, but in particular viral infections. . 
Examples of such viruses include, but are not limited to, lentivirus infections such as, 
equine infectious anaemia virus, caprine arthritis virus, vxsrui virus, or maedi virus or 
reu-ovirus infections, such as but not limited to felme immunodeficiency vims (FIV), 
bovine immunodeficien^ virus, or canine immunodeficiency virus or other retroviral 

25 infections. 

The compounds of Formula (I) may also be used topically in the treatment or 
prophylaxis of topical disease states mediated by or exacerbated by excessive cytokine 
production, such as by IL-1 or TNF respectively, such as inflamed joints, eczema, 
psoriasis and other inflammatory skin conditions such as sunburn; inflammatory eye 
30 conditions including conjunctivitis; pyresis, pain and oth^ conditions associated with 
infkunmation. 

Compounds of Formula (I) have also been shown to inhibit the production of 
IL-8 ^terleukhi-8, NAP). Accordingly, in a further aspect, this invention relates to a 
method of inhibiting the production of IL-8 in a mammal in need thereof wtddi 
35 comprises administering to said mammal an effective amount of a compound of 
Formula (I) or a pharmaceutically acceptable salt thereof. 

Tliere are many disease states in which excessive or unregulated ILr8 
production is implicated in exacerbating and/or causing the disease. These diseases are 
characterized by massive neutrophil infiltration such as, psoriasis, inflammatory bowel 
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disease, asthma, cardiac and lenal reperfusion injury, adult lespiratoty distress 
syndrome, thrombosis and glomerulonephritis. All of these diseases are associated 
with increased IL-8 production which is responsible for the chemotaxis of neutrophils 
into the inflammatory site. In contrast to other inflammatory cytokines (II^l, TNF, 
5 and IL-6), IL-8 has the unique property of promoting neutrophil chemotaxis and 
activation. Therefore, the inhibition of IL^8 production would lead to a direct 
reduction in the neutrophil infiltradon. 

The compounds of Formula (I) are administered in an amount sufficient to 
inhibit cytokine, in particular IL-1. IL^, IL-8 or TNF, production such that it is 
10 regulated down to normal levels, or in some case to subnormal levels, so as to 

ameliorate or prevent the disease state. Abnormal levels of IL-l, ILr6, IL-8 or TNF, 
for instance in the context of the present invention, constitute: Q) levels of free (not cell 
bound) IL-1, IL-6, IL-8 or TNF greater than or equal to 1 picogram' per ml; (ii) any cell 
associated IL-1, IL-6, IL-8 or TNF; or (iii) the presence of IL-I, IL-6, IL-8 or INI* 
15 mRNA above basal levels in cells or tissues in which IL-1, II>6, ILr8 or TNF, 
respectively, is produced. 

Ttie discovery that the compounds of Formula (1) are inhibitors of cytokines, 
specifically IL-1, IL-6, IL-8 and TNF is based upon the effects of the compounds of 
. Formulas (Don the production of the IL-1, 11^8 and TNF in OTvftro assays which are 
20 described heidn. 

As used herein, the term "inhibiting the production of IL^l GL-6, IL-8 or TNF)" 
refers to: 

a) a decrease of excessive in vivo levels of the cytokine (IL-1, IL-6, IL-8 or 
TNF) in a human to normal or sub-normal levels by irdiibition of the ih vivo release of 

25 the cytokine by all cells, including but not limited to monocytes or macrophages; 

b) a down regulation, at the genomic level, of excessive in vivo levels of the 
cytokine (IL-1, IL^6, IL-8 or TNF) in a human to normal or sob-normal levels; 

c) a down regulation, by inhibition of the direct synthesis of the cytokine 0L-1, 
•IL-6, IL-8 or TSF) as a postranslational event; or 

30 d) a down regulation, at the translational level, of excesdve in vm) levels of the 

cytokine (DLr 1, IL-6, IL-8 or TNF) in a human to normal or sub-normal levels. 

As used herein, the term "TNF mediated disease or disease state" refers to any 
and all disease states in which TNF plays a role, either by production of TNF itself, or 
35 by TNF causing another monokine to be released, such as but not limited to IL-1, IL-6 
or IL-8. A disease state in which, for instance, IL-1 is a major component, and whose 
production or action, is exacerbated or secreted in response to TNF, would therefore be 
considered a disease stated mediated by TNF. 
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As used herein, the tetm "cytokme'' refers to any secxeted polypeptide that 
affects the functions of cdls and is a molecule which modulates interactions betwera 
cells in the immune, inflammatory or hematopoietic response. A cytokine includes, but 
is not limited to, monokines and lymphokines, regardless of which cells produce them. 
5 For instance, a monokine is generally refmed to as being produced and secreted by a 
mononuclear cell, such as a macrophage and/or monoq^ Many other cells however 
also produce monokines, such as natural killer cells, fibroblasts, basophils, neutrophils, 
endothelial cells, brain astrocytes, bone maiiolv stromal cells, epideral keratinocytes 
and B-lymphocytes. Lymphokines are genenJly referred to as being produced by 

10 lymphocyte cells. Examples of cytokines incltide, but are not limited to, Interleukin-1 
QLrl)^ Interleukin-6 (IL-6}, Interleukin-8 (IL-8), Tumor Necrosis Factor-alpha (TNF- 
a),and I^or Necrosis Factor beta (INFrB). 

As used herefai, the torm "cytokine interfering" or 'cytokine suppie^ 
amount" refers to an effective amount of a compound of Formula (0 which will cause a 

IS decrease in the zhvrw levels of the cytokine to ncmal or sub-ftormalfe^ 
given to a patient for the prophylaxis or treatment of a disease state wluch is 
exacerbated by, or caused by,'excessive or unregulated cytokine productiort 

As used herein, the cytokine referred to in the phrase "inhibition of a cytokine, 
for use in the treatment of a HIV-infected human" is a cytokine which is implicated in 

20 (a) the initiation and/or maintenance of T cell activation and/or activated T cell- 
mediated HIV gene expression and/or replication and/or (b) any cytokine-mediated 
disease associated problem such as cachexia or inuscle degeneratiorL 

As TNF-fi (also known as lymphotoxin) has close structural homology with 
TNF-a (also known as cacfaectin) and smce each induces ^ilar biologic responses 

25 and binds to the same cellular receptor, both INF-a and TNF-0 are inhibited by the 
compounds of the present invention and thus are herein referred to collectively as 
"TNF* unless spedfically delineated otherwise. * 

In order to use a compound of Formula (I) or a pharmaceuticaUy acceptable salt 
thereof in therapy, it will normally be Formulated into a pharmaceutical composition in 

30 accordance with standard pharmaceutical practice. This invention, therefore, also 

relates to a pharmaceutical composition comprising an effective, non-toxic amount of a 
compound of Formula (I) and a pharmaceuticaUy acceptable carrier or diluent 

Compounds of Formula (I)* pharmaceutically acceptable salts thereof and 
pharmaceutical compositions incorporating such may conveniently be administered by 

35 any of the routes conventionally used for drug administration, for instance, orally, 
topically, parenterally or by inhalation. The compounds of Formula (I) may be 
administered in conventional dosage forms prepared by combining a compound of 
Fonnula (I) with standard pharmaceutical carriers according to conventional 
procedures. Hie compounds of Formula (1) may also be administered in conventional ^ 
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dosages in combination with a known, second therapeutically active compound These 
procedures may involve mixing, granulating and compressing or dissolving the 
ingredients as appropriate to the desired preparation. It win be appreciated that the 
form and character of the pharmaceutically acceptable character or dQuent is dictated 
5 by the amount of active ingredient with which it is to be combined, the route of 

administration and other well-known variables. The cairier(s) must be ''acceptable" in 
the sense of being compatible with die other ingredirats of the Formulation and not 
deleterious to the recq>ient tfaoeot 

The phamiaceutical carrier employed may be, for example, either a solid or 

10 . liquid. Exemplary of solid carriers are lactose, terra alba, suorose* talc, gelatin, agar, 
pectin, acacia, magnesium stearate, stearic acid and the like. Exemplary of liquid 
carriers are syrup, peanut oil, olive oil, water and the like. Similarly, the carria* or 
diluent may include time delay material well known to the art, such as glyceryl mono- 
stearate or glyceryl distearate alone or with a wax. 

15 A wide variety of pharmaceutical forms c^ be employed. Thus, if a solid 

carrier is used, the preparation can be tableted, placed in a hard gelatin capsule in 
powder or pellet form or in the form of a troche or lozmge. The amount of solid 
carrier will vaiy widely but preferably will be from about 25mg. to about Ig. When a 
liquid carrier is used, the preparation will be in the form of a syrup, emulsion, soft 

20 gelatin capsule, sterile injectable liquid such as an ampule or nonaqueous liquid 
suspension. 

. Compounds of Fbrmula (I) may be admiiiistered topically, that is by non- 
systemic administration. This includes the application of a compound of Formula (I) 
extemally to the epidermis or the buccal cavity and the instillation of such a compound 

25 into the ear, eye and nose, such that the compound does not significantly enter the 
blood stream. In contrast, systemic administration refers to oral, intravenous, 
intraperitonea} and intramuscidar administration. 

Formulations suitable for topical administration include liquid or semi-liquid 
preparations suitable for penetration through the skin to the site of inflammation such 

30 as liniments, lotions, creams, ointments or pastes, and drops suitable for administration 
to the eye, ear or nose. Hie acdve ingredient may comprise, for topical administration, 
from 0.001% to 10% w/w, for instance from 1% to 2% by weight of the Formulation. 
. It may however comprise as much as 10% w/w but preferably will comprise less than 
5% w/w, more preferably from 0.1 % to 1% w/w of the Formulation. 

35 Lotions according to the present invration include those suitable for application 

to the skin or eye. An eye lotion may comprise a sterile aqueous solution optionally 
containing a bactericide and may be prepared by methods similar to ttiose for the 
preparation of drops. Lotions or liniments for application to the skin iriay also include 
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an agent to hasten drying and to cool the skin, such as an alcohol or acetone* and/or a 
moisturizer such as glycerol or an oil such as castor oil or arachis oil. 

Creams, ointments or pastes according to the present invration are semi-solid 
Formulations of the active ingredient for external application. They may be made by 
5 miking the acdve ingredient in fmely-divided or powdered form, alone or in solution or 
susperision in an aqueous or non-agueous fluid, with die aid of suitable machinery, 
with a greasy or non-greasy base. The base may comprise hydrocaibons such as hard, 
soft or liquid paraffin, glycerol, beeswax, a metallic soap; a mucilage; an oil of natural 
ori^ sudh ias almond, com, arachis, castor or olive oil; wool fat or its derivatives or a 

10 f att^ add such as steric or oleic add togedier widi an alcohol such as propylene glycol 
or a macrogel. Tlie Formulation may incorporate any suitable surface active agent sudi 
as an anionic, cationic or non-ionic surfactant such as a sorbitan ester or a 
polyoxyethylene derivative thereof. Suspmding agents such as natural gums, cellulose 
derivatives or inorganic materials such as silicaceous silicas, and other ingredients such 

15 as lanolin, may also be induded. 

Drops according to the present invention may comprise sterile aqueous or oily 
solutions or suspensions and may be prepared by dissolving^ the active ingredient in a 
suitable aqueous solution of a bacteriddal and/or fiim^ddal agent and/or any other 
• suitable preservative, and preferably including a surface active agent The resulting 

20 solution may then be clarified by filtration, transferred to a suitable container which is 
then sealed and sterilized by autoclaving or maintaining at 98- 100 * C for half an hour. 
Alternatively, the solution may be sterilized by filtration and transferred to the 
container by an aseptic technique. Examples of bacteriddal and fungicidal agrats 
suitable for inclusion in the drops are phenylmercuric nitrate or acetate (0.002%), 

25 benzaUconium chloride (0.01 %) and chlorhexidine acetate (0.01 %). Suitable solvents 
for the preparation of an ofly solution indude glycerol, diluted alcohol and propylrae 
glycol 

' Compounds of formula CO may be administered parenterally, that is by 
intravenous, intramuscidar, subcutaneous intranasal, intrarectal, intrava 

30 intr^ritoneal administratiocL Hie subcutaneous and intramuscular forms .of 

parenteral administration are generally preferred. Appropriate dosage forms for such 
administration may be prepared by conventional techruques. Compounds of Formula 
(I) may also be administered by inhalation, tiiat is by intranasal and oral inhalation 
administration. Appropriate dosage forms for such administration, such as an aerosol 

35 Formulation or a metered dose inhaler, may be prepared by conventional techniques. 

For all metiiods of use disclosed herein for the compounds of Formula COt die 
daily oral dosage regimen will prefoably be from about 0. 1 to about 80 mg/kg of total 
body wdght, preferably from about 0.2 to 30 mgfkg^ more preferably from about 0.5 
mg to 15mg. The daily parenteral doss^e reguneii about 0.1 to about 80 mg/kg of total 
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body weight, preferably from about 0.2 to about 30 mg/kg, and more preferably from 
about 0 J mg to ISmg/kg. The daily topical dosage regimen will preferably be from 
0.1 mg to 150 mg, administered one to four, preferably two or three times daily. The 
daily inhalation dosage regime will preferably be from about 0.01 mg/kg to about 1 
5 mg/kgp^day. It wiU also be recognized by one of skill in the art that the optixnal 
quantiQr and spacing of individual dosages of a compound of Formula OD or a 
pharmaceutically acceptable salt thereof will be determined by the nature and extent of 
the condition being treated, the form, route and site of administration, and the particular 
patient being treated, and that such optimums can be determined by conventional 

10 techniques. It will also be appreciated by one of skill in the art that the optimal course 
of treatmrat, i.e., the number of doses of a compound of Formula (I) or a 
pharmaceutically acceptable salt thereof given per day for a defined number of days, 
can be ascertained by those skilled in the art using conventional course of treatment 
determination tests. * 

15 The mventbn will now be described by reference to th6 following biological 

examples which are merely illtistrati ve and are not to be construed as a limitation of the 
scope of the present invention. 

PJOMJGICAL EXAMPLES 

20 The cytokine-inhibiting e£fects of compounds of the present invention were * 

determined by the following in vitro assays: 
InterleuUn-lCIL-l) 

Human peripheral blood monocytes were isolated and purified from either fresh 
blood preparations from volunteer donors, or from blood bank buffy coats, according to 

25 the procedure of Colotta eial,3 Dnmunol, 132, 936 (1984). These monocytes (1x10^) 
were plated in 24-weIl plates at a concentration of 1*2 million/ml ^er well Hie cells 
were allowed to adhere for 2 hours, after which time non-adherent cells were removed 
by gende washing. Test compounds were then added to the cells for Ih before the 
addition of lipopolysaccharide (50 ng/ml), and the cultures were incubated at 37^C for 

30 an additional 24tL At the end of this period, culture super-natants were removed and 
clarified of cells and all debris. Culturesupematants were then immediately assayed 
for IL-1 biological activity, either by the method of Simon et al,^ J. Immunol Methods, 
84, 85, (1985) (based on ability of IL-1 to stimulate a Interleukin 2 producing cell line 
CEL-4) to seoete IL-2, ih concert witfi A23187 ionophore) or the method of Lee et aL^ 

35 J. ImmunoTherapy, 6 (1), U12 (1990) ^US A assay). The compounds of Formula (I), 
as evidenced by Examples 1 to 24 were shown to be irihibitors of mvxrro IL-l 
produced by human monocytes. 



